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Dq lqwhuwhpsrudo dfuhdjh doorfdwlrq prgho wkdw doorzv iru wkh lpsdfw ri frp0
sxovru| judlq gholyhu| lv ghyhorshg1 Vxevhtxhqwo|/ dq hvwlpdeoh g|qdplf dfuhdjh
ghpdqg htxdwlrq lv ghulyhg/ dqg hvwlpdwhg iru d furs xvlqj uhjlrq0ohyho gdwd1
Jhqhudol}hg phwkrg ri prphqwv +JPP, hvwlpdwruv iru g|qdplf sdqho gdwd prg0
hov duh xvhg1 Wkh hodvwlflw| hvwlpdwhv wkxv rewdlqhg vxjjhvw wkdw wkh ghpdqg iru
furs dfuhdjh +dqg khqfh wkh vxsso| ri furs rxwsxw, uhvsrqgv qhjdwlyho| wr wkh
ohyho ri irufhg judlq surfxuhphqw/ srvlwlyho| wr rxwsxw rzq0sulfh/ dqg qhjdwlyho|
wr jurvv uhwxuqv iurp dowhuqdwlyh fursv1
4 Lqwurgxfwlrq
Lq wkh 4<;3v Hwklrsldq idup krxvhkrogv zhuh vxemhfw wr d v|vwhp ri frpsxovru| judlq
gholyhu| +FJG,1 Xqghu wklv v|vwhp/ vxfk krxvhkrogv zhuh uhtxluhg wr vhoo d sruwlrq
ri wkhlu rxwsxw wr wkh jryhuqphqw dw ￿{hg sulfhv41 Diwhu phhwlqj wklv reoljdwlrq
+frpprqo| uhihuuhg wr dv wkh ctxrwd*, wkhvh surgxfhuv zhuh doorzhg wr ex| dqg vhoo
idup rxwsxw rq wkh orfdo crshq* ru ciuhh* pdunhw1 Jhqhudoo|/ vxfk d v|vwhp d￿hfwv
wkh zhoiduh ri surgxfhuv1 Lw pd| dovr d￿hfw wkhlu uhvrxufh doorfdwlrq ghflvlrqv1 Wkh
￿uvw remhfwlyh ri wklv sdshu lv wr lqyhvwljdwh wkh lpsdfw ri FJG rq wkh lqwhuwhpsrudo
surgxfwlrq ghflvlrqv ri Hwklrsldq idup krxvhkrogv xqghu ulvn1
Wkh srolf| uhjlph ri wkh 4<;3v kdv dovr lqyroyhg rwkhu jryhuqphqw lqwhuyhqwlrqv
lq wkh hfrqrplf olih ri Hwklrsldq idup krxvhkrogv1 Wkhvh lqfoxgh d qrw0ixoo|0h￿hfwlyh
edq rq wkh vdoh dqg sxufkdvh ri oderxu/ dqg dgplqlvwudwlyh udwlrqlqj ri pdqxidfwxuhg
frqvxphu jrrgv dqg ihuwlol}huv lq wkh frqwh{w ri ryhudoo vkruwdjhv ri erwk lq wkh
frxqwu|51 Vxfk frqvwudlqwv rq krxvhkrog fkrlfh fdq lqgxfh shuyhuvh vxsso| uhvsrqvh
wr furs sulfhv ^Ehydq hw1 do1 +4<;:, dqg Pfnd| dqg Wd￿hvvh +4<<7,‘1 Lq dgglwlrq/
vxfk krxvhkrogv fdq eh fkdudfwhul}hg dv vhpl0vxevlvwhqfh idup krxvhkrogv zklfk kdyh
olplwhg lqwhudfwlrq zlwk wkh pdunhw1 Dv d uhvxow/ lw pd| eh dujxhg wkdw pdunhw
WWklv lv d uhylvhg yhuvlrq ri d fkdswhu ri p| G1Sklo1 wkhvlv vxeplwwhg wr wkh Vxe0idfxow| ri
Hfrqrplfv/ Xqlyhuvlw| ri R{irug1 L zrxog olnh wr wkdqn p| vxshuylvruv/ Surihvvru Sdxo Froolhu dqg
Gu1 Vwhidq Ghufrq/ dqg h{dplqhuv Surihvvruv Mrkq Pxhooedxhu dqg Mhdq0Sdxo D}dp iru ydoxdeoh
frpphqwv1 Doo uhpdlqlqj huuruv dqg rplvvlrqv duh plqh1
4Wkh jryhuqphqw djhqf| uhvsrqvleoh iru dgplqlvwhulqj wkh FJG zdv wkh Hwklrsldq Djulfxowxudo
Pdunhwlqj Frusrudwlrq +HDPF,1
5Iru ixuwkhu ghwdlov vhh Wd￿hvvh +4<<;,1
4yduldeohv lqfoxglqj sulfhv kdyh olwwoh ru qr uroh wr sod| lq wkhlu surgxfwlrq fkrlfhv1
Erwk ihdwxuhv lqglfdwh wkh lpsruwdqfh ri h{dplqlqj wkh gluhfwlrq dqg pdjqlwxgh ri
wkh lq xhqfh wkdw furs pdunhw sulfhv kdyh rq furs vxsso|1 Vxfk dq h{dplqdwlrq
frqvwlwxwhv wkh vhfrqg pdmru remhfwlyh ri wklv sdshu1
Wr dfklhyh wkh remhfwlyhv vwdwhg deryh wkh sdshu ghyhorsv d vlpsoh g|qdplf idup
krxvhkrog prgho1 Wkh prgho lv d yduldqw ri wkh olqhdu udwlrqdo h{shfwdwlrqv prgho
^Vdujhqw +4<;:,/ Kdqvhq dqg Vdujhqw +4<;3,‘ dv dssolhg wr djulfxowxudo vxsso| uh0
vsrqvh dqdo|vlv ^Hfnvwhlq +4<;7/ 4<;8,/ Whjhqh/ Kx￿pdq/ dqg Pludqrzvnl +4<;;,‘1
Wkh pdlq lqqrydwlrq lv wkh gluhfw lqwurgxfwlrq dqg dqdo|vlv ri FJG lq wkdw iudph0
zrun1 Ixuwkhupruh/ wkh ghflvlrq sureohp ri wkh idup krxvhkrog lv h{solflwo| sodfhg
lq wkh djulfxowxudo krxvhkrog prghov iudphzrun lq d yhu| vlpsoh pdqqhu1 Rq wkh
edvlv ri wkh prgho hodvwlflwlhv ri dfuhdjh ghpdqg iru furs fxowlydwlrq duh frpsxwhg1
Vxevhtxhqwo|/ dq hvwlpdeoh dfuhdjh ghpdqg htxdwlrq lv ghulyhg/ dqg hvwlpdwhg iru d
furs xvlqj uhjlrq0ohyho gdwd1 Wkh hodvwlflw| hvwlpdwhv wkxv rewdlqhg vxjjhvw wkdw wkh
ghpdqg iru furs dfuhdjh +dqg khqfh wkh vxsso| ri furs rxwsxw, uhvsrqgv qhjdwlyho|
wr wkh ctxrwd* dqg srvlwlyho| wr rxwsxw sulfh1
Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv d vlpsoh g|qdplf
prgho ri idup krxvhkrog surgxfwlrq fkrlfhv dqg wkh hodvwlflwlhv wkhuhri1 Vhfwlrq 6
ghvfulehv wkh ghwdlov ri wkh hpslulfdo dqdo|vlv lqfoxglqj wkh gdwd/ hfrqrphwulf vshfl￿0
fdwlrq/ hvwlpdwlrq surfhgxuh/ dqg hvwlpdwlrq uhvxowv1 Vhfwlrq 7 frqfoxghv1 Wkh ￿qdo
vhfwlrq lv dq dsshqgl{ ghwdlolqj wkh surfhgxuh xvhg iru rewdlqlqj dq h{solflw vroxwlrq
iru wkh dfuhdjh ghflvlrq uxoh/ dv zhoo dv vrph ri wkh surshuwlhv ri wkh jhqhudol}hg
phwkrg ri prphqwv +JPP, hvwlpdwruv hpsor|hg1
5 D g|qdplf prgho ri idup krxvhkrog surgxfwlrq fkrlfh
D vlpsoh g|qdplf prgho lv suhvhqwhg lq wklv vhfwlrq dv d phdqv ri lqyhvwljdwlqj wkh
lpsdfw ri FJG dqg furs sulfhv rq wkh lqwhuwhpsrudo surgxfwlrq fkrlfhv ri wkh idup
krxvhkrog61
514 Dvvxpswlrqv dqg Fkdudfwhul}dwlrq
41 Frqvlghu d uhsuhvhqwdwlyh lq￿qlwho|0olyhg g|qdvwlf idup krxvhkrog zklfk pd{l0
pl}hv lwv glvfrxqwhg h{shfwhg lqwhuwhpsrudo xwlolw| yld lwv frqvxpswlrq/ surgxf0
wlrq/ dqg vdylqj fkrlfhv71 Wklv idup krxvhkrog lv dvvxphg wr kdyh d +frpprq,
rqh0shulrg xwlolw| ixqfwlrq/ x+{|n￿, zklfk lv olqhdu/ l1h1/
x+{|n￿,@(f . (￿{|n￿ > (f>( ￿ A 3>w > m@3 >4>=== +514,
zkhuh {|n￿ uhsuhvhqwv frqvxpswlrq lq shulrg w.m 1 Lq rwkhu zrugv wkh krxvhkrog
lv ghhphg wr eh ulvn0qhxwudo1 Zh wkxv frqvlghu wkh lpsdfw ri wkh udqgrpqhvv ri
6Wkh prgho vwdwhg ehorz lv dq dgdswdwlrq ri Hfnvwhlq +4<;8,1 Hfnvwhlq +4<;8, frqvlghuv wkh
ghpdqg iru dfuhdjh +lq ohyhov udwkhu wkdq vkduhv, e| iduphuv lq wkh devhqfh ri irufhg furs surfxuhphqw
e| wkh vwdwh1 Kh dovr grhv qrw dgguhvv wkh txhvwlrq ri vhsdudelolw| ri surgxfwlrq dqg frqvxpswlrq
ghflvlrqv1
7Wkh vwuxfwxuh ri rxu prgho lv vxfk wkdw wkh frqglwlrqv iru h{dfw djjuhjdwlrq duh vdwlv￿hg1 Khqfh/
wkh cuhsuhvhqwdwlyh* krxvhkrog lv htxlydohqw wr wkh cdyhudjh* krxvhkrog1 Lq idfw/ Hfnvwhlq +4<;8,
djjuhjdwhv d forvho| uhodwhg prgho ryhu d +vwdeoh, srsxodwlrq ri iduphuv wr fkdudfwhulvh d udwlrqdo
h{shfwdwlrqv htxloleulxp ri wkh pdunhw iru d furs1
5vrph yduldeohv rq wkh fkrlfhv iduphuv pdnh zlwkrxw prghoolqj wkhlu ehkdylrxu
wrzdugv ulvn1 Zh ixuwkhu dvvxph wkdw wkh lqwhuwhpsrudo xwlolw| ixqfwlrq lv
dgglwlyho| vhsdudeoh/ dqg wkdw hdfk shulrg |lhog dqg sulfh ulvn duh uhdol}hg
ehiruh frqvxpswlrq ghflvlrqv duh wdnhq1 Xqghu wkhvh flufxpvwdqfhv/ wkh idup
krxvhkrog*v surgxfwlrq dqg frqvxpswlrq ghflvlrqv duh vhsdudeoh1 Wkxv wkh
idup krxvhkrog pd{lpl}hv lwv glvfrxqwhg h{shfwhg xwlolw| e| ￿uvw pd{lpl}lqj lwv
glvfrxqwhg h{shfwhg sur￿wv/ dqg vxevhtxhqwo| fkrrvlqj wkh ohyho ri frqvxpswlrq
dqg2ru vdylqjv vxemhfw wr wkh fruuhvsrqglqj exgjhw frqvwudlqw1 Wklv exgjhw
frqvwudlqw kdv wkuhh frpsrqhqwv/ vdylqjv iurp wkh suhylrxv shulrg/ v|n￿3￿> wkh
lqwhuhvw +ru uhwxuq, dffuxlqj wr wkrvh vdylqjv dw d udwh/ u + zklfk lv dvvxphg wr
uhpdlq frqvwdqw ryhu wlph,/ dqg fxuuhqw sur￿wv/ ￿|n￿/ l1h1/
{|n￿ .v|n￿ @+ 4.u,v|n￿3￿ . ￿|n￿ > w>m @3 >4>=== +515,
Vdylqjv uhsuhvhqw wkh fdvk0htxlydohqw ri gl￿huhqw vdylqj lqvwuxphqwv dydlodeoh
wr wkh idup krxvhkrog/ lqfoxglqj fdvk/ rwkhu ￿qdqfldo dvvhwv/ dqg judlq vwrudjh1
51 Xvlqj lwv h{rjhqrxvo| jlyhq wrwdo fxowlydeoh odqg/ D|n￿> dqg vxemhfw wr |lhog ulvn/
wkh idup krxvhkrog lv dvvxphg wr surgxfh wzr +jurxsv ri, dqqxdo fursv xqghu
d ￿{hg0sursruwlrqv whfkqrorj| ri surgxfwlrq81 Wklv whfkqrorj| lv uhsuhvhqwhg
e| wzr surgxfwlrq ixqfwlrqv zklfk duh olqhdu lq dfuhdjh/ vwrfkdvwlf/ dqg lqyroyh
d rqh0shulrg odj ehwzhhq fxowlydwlrq dqg kduyhvw +kduyhvw dw w.m lv d ixqfwlrq
ri dfuhdjh dw w . m ￿ 4,91 Irupdoo|:=
T￿c|n￿ @ |￿D￿c|n￿3￿ . %￿c|n￿ > |￿ A 3>w > m @3 >4>=== +516,
T2c|n￿ @ |2D2c|n￿3￿ . %2c|n￿ > |2 A 3>w > m @3 >4>=== +517,
T￿c|n￿ @ rxwsxw ri furs l +l @4 >5, dw wlph w . m> D￿c|n￿ @ wkh sursruwlrq
ri wrwdo dfuhdjh doorfdwhg wr furs l dw wlph w . m> |￿ dqg |2 duh sdudphwhuv>
%￿c|n￿ @ h{rjhqrxv vkrfnv wr surgxfwlrq gxulqj w . m zklfk kdyh }hur phdq/
frqvwdqw yduldqfh/ dqg duh vhuldoo| xqfruuhodwhg1 Lq olqh zlwk wkh idfw wkdw furs
surgxfwlrq lqyroyhv elrorjlfdo jhvwdwlrq shulrgv ri vrph +vrphwlphv frqvlghu0
deoh, ohqjwk/ wkh rqh0shulrg odj lq surgxfwlrq fdswxuhv wkh skhqrphqrq wkdw
wkh idup krxvhkrog kdv wr pdnh dfuhdjh ghflvlrqv lq whupv ri lwv h{shfwdwlrqv
derxw xqnqrzq ixwxuh rxwsxw sulfhv1 Wklv lqwurgxfhv sulfh ulvn lqwr wkh ghflvlrq
sureohp ri wkh idup krxvhkrog1
61 Lw lv dvvxphg wkdw wkh gluhfw frvw ri surgxflqj d furs lv d ixqfwlrq ri dfuhdjh
doorfdwhg wr lwv surgxfwlrq1 Wklv frvw kdv wzr frpsrqhqwv glvwlqjxlvkhg e| wkh
shulrg gxulqj zklfk wkh| duh lqfxuuhg +ru nqrzq,> frvwv nqrzq dw wkh wlph
8Wkh vl}h ri wkh idup krxvhkrog*v odqgkroglqjv pd| ydu| ryhu wlph/ sulpdulo| gxh wr odqg uhglv0
wulexwlrq1 Exw wklv lv eh|rqg wkh frqwuro ri ri wkh krxvhkrog1 Iru ghwdlov uhjduglqj wkh v|vwhp ri
odqg whqxuh lq Hwklrsld vhh Wd￿hvvh +4<<;,1
9Xqghu wkh dvvxphg ￿{hg0frh!flhqwv whfkqrorj|/ hdfk furs lv surgxfhg e| xvlqj odqg dqg qrq0
odqg idfwruv lq ￿{hg sursruwlrqv1 Wkh rxwsxw ri hdfk furs/ dv zhoo dv wkh gluhfw frvw ri lwv surgxfwlrq/
fdq wkxv eh h{suhvvhg dv d ixqfwlrq ri wkh dprxqw ri dfuhdjh doorfdwhg wr lwv fxowlydwlrq1 Lw lv lq
wklv vhqvh wkdw +516, dqg +517, duh surgxfwlrq ixqfwlrqv1 Vhh dovr Whjhqh/ Kx￿pdq/ dqg Pludqzvnl
+4<;;,1
:Furs 4 lv lghqwl￿hg dv wkh furs vxemhfw wr FJG zkloh Furs 5 pd| eh frqvlghuhg dv iuhh iurp
FJG1 Krzhyhu/ hyhq li erwk duh vxemhfw wr FJG wkh dqdo|vlv ehorz zloo qrw eh d￿hfwhg1
6ri sodqwlqj dqg frvwv nqrzq dw wkh wlph ri kduyhvw1 Wkh odwwhu lv dq dwwhpsw
wr fdswxuh wkh  h{lelolw| ri lqsxw xvh diwhu sodqwlqj dqg xs wr dqg lqfoxglqj
kduyhvw dqg wkh xqfhuwdlqw| ri rxwsxw jlyhq wkh odj lq surgxfwlrq1 Rxu irfxv lv
rq Furs 41 Jlyhq wklv irfxv lw lv dvvxphg wkdw wkhuh duh dgglwlrqdo dgmxvwphqw0
frvw0olnh h{shqvhv uhodwhg wr Furs 41 Wr fdswxuh wkhvh frvwv dv zhoo dv wkh gluhfw
frvwv lw lv dvvxphg wkdw d txdgudwlf frvw ixqfwlrq lv dvvrfldwhg zlwk wkdw furs1
Wklv ixqfwlrq wdnhv wkh iroorzlqj vshfl￿f irup;=




￿c|n￿3￿.gD￿c|n￿3￿D￿c|n￿32 > eA3> g 0 3
+518,
zkhuh= y￿c|n￿3￿ dqg i￿c|n￿ duh qrq0odqg frvwv ri surgxflqj Furs 4 ryhu wkh wrwdo
dydlodeoh dfuhdjh dw wkh wlph ri fxowlydwlrq +w.m￿4, dqg dw wkh wlph ri kduyhvw
+w.m,/ uhvshfwlyho|<1 Wkh whup K
2D2
￿c|n￿3￿ hyhqwxdwhv ghfuhdvlqj uhwxuqv wr vfdoh
lq wkh orqj0uxq1 Wzr frxqwhudfwlqj g|qdplf h￿hfwv duh fdswxuhg e| g ^Hfnvwhlq
+4<;8,‘1 Wkh ￿uvw lv wkh whqghqf| wr urwdwh fursv li vxffhvvlyh fxowlydwlrq ri wkh
vdph furs rq d sorw vxevwdqwldoo| uhgxfhv vrlo ihuwlolw| dqg lqfuhdvhv wkh frvw
ri surgxfwlrq1 Wkh vhfrqg lv wkh lqfhqwlyh wr uhfxowlydwh wkh furs sodqwhg odvw
shulrg li wkh frvw ri odqg suhsdudwlrq iru wkdw furs kdv ehhq kljk dqg wkh fxuuhqw
frvw ri surgxfwlrq lv orzhu dv d uhvxow431 Wkh vljq ri g lv ghwhuplqhg e| zklfk
ri wkhvh wzr grplqdwh1 Li wkh ￿uvw h￿hfw grplqdwhv/ wkhq gA3> zkloh g?3 li
wkh vhfrqg h￿hfw lv grplqdqw1 Iru vlpsolflw| zh dovr dvvxph wkdw d olqhdu frvw
ixqfwlrq ri wkh iroorzlqj irup lv dvvrfldwhg zlwk Furs 5=
F2c|n￿ @+ y2c|n￿3￿ . i2c|n￿,D2c|n￿3￿ +519,
zkhuh= y2c|n￿3￿ dqg i2c|n￿ duh qrq0odqg frvwv ri surgxflqj furs 5 ryhu wkh wrwdo
dydlodeoh dfuhdjh dw wkh wlph ri fxowlydwlrq +w.m￿4, dqg dw wkh wlph ri kduyhvw
+w . m, / uhvshfwlyho|1
71 Wkdw wkh frpsxovru| gholyhu| v|vwhp lpsrvhv dq lpsolflw irup ri wd{dwlrq +ru
uhqw, lv wkh frpprq ylhz441 Wkxv/ lghqwli|lqj dq htxlydohqw irup ri h{solflw
;Dowkrxjk txdgudwlf frvw ixqfwlrqv duh frpprqo| xvhg/ wklv vshfl￿f irup dv dssolhg wr djulfxowxudo
vxsso| uhvsrqvh dqdo|vlv lv gxh wr Hfnvwhlq +4<;8,1 Lq wklv uhjdug/ Hfnvwhlq +4<;8, qrwhv wkdw d
frpelqdwlrq ri wkh whupv K
2￿
2
￿c|n￿3￿ dqg _￿￿c|n￿3￿￿￿c|n￿32 +zlwk _￿f, lv htxlydohqw wr wkh vwdqgdug
dgmxvwphqw frvw irupxodwlrq1
<Pruh h{solflwo|/ ￿￿ uhsuhvhqwv wkh wrwdo qrq0odqg frvwv wkdw zrxog eh lqfxuuhg gxulqj wkh fxowl0
ydwlrq shulrg li wrwdo dfuhdjh lv sodqwhg zlwk furs ￿ E￿ ’￿ c2￿/ l1h1=
￿￿ ’E ?J? 3 ,@?_ S￿,|￿￿@|￿J? SJr|r Js SoJR ￿ Reo ￿eS|@oe￿ f ￿
zkhuh ￿ lv wrwdo dydlodeoh dfuhdjh1 Vlploduo|=
s￿ ’E ?J? 3 ,@?_ ￿@o￿er| SJr|r Js SoJR ￿ Reo ￿eS|@oe￿ f ￿
43Lq rwkhu zrugv/ sodqwlqj d furs gl￿huhqw iurp wkh rqh fxowlydwhg odvw shulrg lqyroyhv frvwv kljkhu
wkdq uhsodqwlqj zlwk wkh vdph furs1 Lq wkdw vhqvh/ wklv whqghqf| lv lqgxfhg e| wkh suhvhqfh ri
dgmxvwphqw frvwv1
44Vhh Wd￿hvvh +4<;<,/ Iudq}ho hw do +4<;<,/ D}dp +4<<5,/ Ghufrq +4<<7,/ Slfnhww +4<<4,1 Wklv ylhz
lv vkduhg e| wkrvh zkr dqdo|}hg wkh surfxuhphqw v|vwhp lq jhqhudo/ dv zhoo dv lwv vshfl￿f dssolfdwlrqv
0 vhh Vdk dqg Vwljolw} +4<<5,/ Vdk dqg Vluqlydvdq +4<;:,1
7wd{dwlrq idflolwdwhv wkh dqdo|vlv1 Dffruglqjo|/ lw lv sursrvhg wkdw wkh ctxr0
wd* vkrxog eh ylhzhg dv d sursruwlrqdo rxwsxw wd{ lpsolflwo| lpsrvhg rq idup
krxvhkrogv1 Rqh zd| ri prghoolqj wklv lv wr frqvlghu wkh ctxrwd* dv d sur0
sruwlrq ri rxwsxw1 Wklv lv frqvlvwhqw zlwk wkh prvw frpprq fulwhuld xvhg lq
ghwhuplqlqj wkh ohyho ri d krxvhkrog*v ctxrwd* reoljdwlrq/ qdpho|/ wkh srwhqwldo
furs rxwsxw ri wkh krxvhkrog> dqg wkh zhdowk +ru/ pruh suhflvho|/ wkh ryhudoo
lqfrph0jhqhudwlqj fdsdflw|, ri wkh krxvhkrog/ phdvxuhg e| yduldeohv lqfoxglqj
vl}h ri odqg0kroglqj/ qxpehu ri r{hq dqg rwkhu olyhvwrfn rzqhg/ dqg qrqidup
lqfrph451 Wklv fkdudfwhul}dwlrq doorzv iru wkh srvvlelolw| ri wkh ctxrwd* v|vwhp
d￿hfwlqj wkh surgxfwlrq ghflvlrqv ri iduphuv1 Lw dovr kdv wkh dgghg dgydqwdjh
ri doorzlqj wkh vwxg| ri wkh lpsdfw ri dq djulfxowxudo sulfh srolf| +l1h1/ FJG,
lq wkh frqwh{w ri vxsso| uhvsrqvh prghov1 Wklv lv dq lpsruwdqw dgydqwdjh/
vlqfh wkh vhfrqg remhfwlyh ri wkh sdshu lv wr dvvhvv wkh sulfh uhvsrqvlyhqhvv ri
idup krxvhkrogv* furs vxsso| lq Hwklrsld1 Wkh srvvlelolw| ri mrlqwo| vwxg|lqj
wkhvh h￿hfwv lv fuhdwhg e| gh￿qlqj wkh dyhudjh sulfh ri fursv vxemhfw wr FJG
dv iroorzv46c47=
S￿ @ !￿Sr
￿ .+ 4￿ !￿,S6
￿
zkhuh= S￿ @ wkh zhljkwhg dyhudjh sulfh ri Furs 4> Sr
￿ @ wkh surfxuhphqw +ru
HDPF, sulfh ri Furs 4> S6
￿ @ wkh ciuhh* ru crshq* pdunhw sulfh ri Furs 4> !￿ @
wkh ctxrwd* dv d sursruwlrq ri wkh idup krxvhkrog*v wrwdo rxwsxw ri Furs 4 +ru wkh
udwh ri ctxrwd*,1 Wkh dyhudjh sulfh gh￿qhg wklv zd| uhsuhvhqwv wkh krxvhkrog*v
pdujlqdo ydoxh ri d xqlw ri rxwsxw1 Lw lqfuhdvhv zlwk Sr
￿ dqg S6
￿ > dqg idoov
zlwk !￿= Vlqfh Sr
￿ lv ohvv wkdq S6
￿ / dqg vlqfh/ 3 ?! ￿ ? 4> wkh dyhudjh sulfh lv
ohvv wkdq wkh fruuhvsrqglqj pdunhw sulfh481 Wkh ydoxdwlrq ri wkh fruuhvsrqglqj
furs rxwsxw dw S￿ wkxv fdswxuhv wkh wd{ qdwxuh ri wkh ctxrwd*1 Dv lw zloo eh
fohdu vkruwo|/ krzhyhu/ xvlqj wklv h{suhvvlrq iru wkh dyhudjh sulfh lq d g|qdplf
vhwwlqj lv yhu| fxpehuvrph1 Lq sduwlfxodu/ lw lv gl!fxow wr dffrpprgdwh zlwklq
wkh olqhdu0txdgudwlf iudphzrun vhw rxw ehorz1 Wkh pdlq sureohp vwhpv iurp
lwv qrqolqhdulw| lq wkh yduldeohv/ vxfk wkdw lw lqwurgxfhv kljkhu0rughu prphqwv
lq wkh rwkhuzlvh olqhdu +lq ￿uvw0rughu prphqwv, vroxwlrq1 Khqfh lw lv xvhixo wr
dgrsw d olqhdu dowhuqdwlyh1 Wr gr vr zh dgrsw d ￿uvw0rughu Wd|oru dssur{lpdwlrq



















f . ￿￿!￿ . ￿2S6
￿ . ￿￿Sr
￿
45Wr wkh h{whqw wkdw lw zdv qrw edvhg rq d ctxrwd* vfkhgxoh/ wkh ghwhuplqdwlrq ri ctxrwd* ohyhov
wr eh gholyhuhg e| krxvhkrogv zdv qrw xqlirup1 Qhyhuwkhohvv/ wkh prvw frpprq sudfwlfh zdv wkh
lpsrvlwlrq ri uhodwlyho| kljkhu ctxrwd* rq krxvhkrogv zlwk kljkhu rxwsxwv ^vhh Dohpd|hkx +4<;:,‘1
46Wkh dqdo|vlv ehorz grhv qrw frqvlghu zd|v rwkhu wkdq dgmxvwlqj furs0pl{ wkdw krxvhkrogv pd|
kdyh ghylvhg wr dyrlg gholyhulqj wkh txrwd ru plqlpl}h lwv lpsdfw1 Wkxv ￿￿ k d vw re hy l h z h gd v
uhodwlqj wr wkh lpsolflw rxwsxw wd{ dfwxdoo| sdlg e| idup krxvhkrogv1 Lq olqh zlwk wkdw wkh hpslulfdo
dqdo|vlv xvhv dfwxdo surfxuhphqw e| wkh HDPF wr frpsxwh ￿￿￿ Vhh dovr Wd￿hvvh +4<<;,1
47Li Furs 5 lv dovr vxemhfw wr FJG/ wkhq wkh vdph surfhgxuh fdq eh dssolhg wr gh￿qh lwv dyhudjh
sulfh1 Qrqh ri wkh uhvxowv zloo eh d￿hfwhg dv d frqvhtxhqfh1 Exw/ dgglwlrqdo uhvxowv shuwdlqlqj wr wkh
h￿hfwv ri wkh ctxrwd* udwh dqg pdunhw sulfh ri wkdw furs zloo eh rewdlqhg1
48Wkhuh duh dqhfgrwhv ri vrph idup krxvhkrogv ex|lqj fursv wr phhw wkhlu ctxrwd* reoljdwlrqv1 Lq
vxfk lqvwdqfhv ￿￿ : ￿c dqg wkxv/ ￿￿ ￿￿
r
￿￿ Khqfh/ wkh gh￿qlwlrq ri wkh dyhudjh sulfh fdq dffrpprgdwh
























Wkh vxevfulsw { lqglfdwhv wkdw wkh ghulydwlyhv duh hydoxdwhg dw {491 Revhuyh
dovr wkdw ￿￿ ? 3> 3 ?￿ 2 ? 4>d q g3 ?￿ ￿ ? 4= Wkxv wkh dowhuqdwlyh h{suhvvlrq
srvvhvvhv doo wkh surshuwlhv ri wkh ruljlqdo1 Zh h{sorlw wkh idfw wkdw surfxuhphqw
sulfhv fkdqjhg yhu| olwwoh ryhu wlph +vhh vhfwlrq 81614 ehorz, wr vlpsoli| wkh qhz
h{suhvvlrq ixuwkhu dqg rewdlq=
S￿ @ ￿f . ￿￿!￿ . ￿2S6
￿ +51:,




81 Ilqdoo|/ wkh idup krxvhkrog lv dvvxphg wr irup h{shfwdwlrqv udwlrqdoo|1 Iro0
orzlqj wkh prvw frpprq fkdudfwhul}dwlrq/ zh lghqwli| udwlrqdo h{shfwdwlrqv dv
h{shfwdwlrqv zklfk/ lq wkh frqwh{w ri vshfl￿f prghov ghvfulelqj wkh ehkdylrxu
ri wkh uhohydqw yduldeohv/ duh htxdo wr wkh pdwkhpdwlfdo h{shfwdwlrqv ri wkrvh
yduldeohv frqglwlrqdo rq wkh lqirupdwlrq dydlodeoh dw wkh wlph wkh iruhfdvwv duh
pdgh4:1
515 Wkh prgho
Zlwk wkh deryh dvvxpswlrqv/ wkh idup krxvhkrog*v sureohp fdq eh fkdudfwhul}hg dv
pd{lpl}lqj lwv glvfrxqwhg lqwhuwhpsrudo h{shfwhg xwlolw| e| fkrrvlqj ghflvlrq uxohv
iru frqvxpswlrq/ vdylqjv/ dqg dfuhdjh doorfdwlrqv xqghu |lhog dqg sulfh ulvn1 Wkhvh
fkrlfhv duh pdgh vxemhfw wr wkh vhtxhqfh ri exgjhw frqvwudlqwv/ zklfk lv sduwo| gh0
whuplqhg e| wkh olqhdu surgxfwlrq whfkqrorj|/ wkh h{rjhqrxvo| jlyhq wrwdo krxvhkrog
odqg0kroglqjv/ dqg wkh uhohydqw lqirupdwlrq dydlodeoh wr wkh krxvhkrog1 Wkh h{rjh0
qrxvo| jlyhq lqlwldo ohyho ri vdylqjv/ v|3￿> frqvwlwxwhv dq dgglwlrqdo frqvwudlqw1 Wkh















> w @3 >4>=== +51;,
vxemhfw wr=
{|n￿ .v|n￿ @+ 4.u,v|n￿3￿ . ￿|n￿> w>m @3 >4>=== +515,
T￿c|n￿ @ |￿D￿c|n￿3￿ . %￿c|n￿> w>m @3 >4>=== +516,
49Wkh sduwldo ghulydwlyh zlwk uhvshfw wr ￿￿ fdswxuhv rqo| wkh gluhfw lpsdfw ri wkh ctxrwd* udwh rq
wkh dyhudjh sulfh1 Wkh h￿hfw wkdw pd| rshudwh yld ￿
6
￿ lv lqwurgxfhg odwhu1
4:Zh zloo qrw h{dplqh wkh qdwxuh dqg2ru ydolglw| ri udwlrqdo h{shfwdwlrqv dq| ixuwkhu1 Wkhuh
lv d kxjh olwhudwxuh frqfhuqlqj wkhvh lvvxhv1 Dprqj rwkhuv/ vhh Vdujhqw +4<;:,/ Shvdudq +4<;:,/
Fxwkehuvwrq dqg Wd|oru +4<;:,/ dqg Eodqfkdug dqg Ilvfkhu +4<;<,1
4;Wkh prgho suhvhqwhg ehorz fdq dovr eh frqvlghuhg dv d olqhdu0txdgudwlf dssur{lpdwlrq ri d pruh
jhqhudo prgho ri idup krxvhkrog ehkdylrxu1
4<Qrwh wkdw frqvxpswlrq lv wkh qxphudluh/ l1h1/ doo sulfhv duh phdvxuhg uhodwlyh wr dq lqgh{ ri
frqvxpswlrq jrrgv* sulfhv +vd|/ iru lqvwdqfh/ d frqvxphuv* sulfh lqgh{,1 Wklv uh hfwv wkh ylhz wkdw
idup krxvhkrogv frqvlghu uhodwlyh sulfhv lq pdnlqj wkhlu fkrlfhv1
9T2c|n￿ @ |2D2c|n￿3￿ . %2c|n￿> w>m @3 >4>=== +517,
4@D￿c|n￿3￿ .D2c|n￿3￿> w>m @3 >4>=== +51<,
dqg v|3￿ jlyhq> zkhuh= ￿|n￿ ￿ +S￿c|n￿T￿c|n￿ ￿ F￿c|n￿,.+ S2c|n￿T2c|n￿ ￿ F2c|n￿,@
idup sur￿wv dw wlph w.m > ￿ @+ 4.￿,
3￿ @ wkh glvfrxqw idfwru/ ￿ ehlqj wkh krxvhkrog*v
udwh ri wlph suhihuhqfh> S￿c|n￿n￿ @ dyhudjh sulfh +dv gh￿qhg deryh, ri furs l +l @
4>5,d ww . m .4> H @ wkh pdwkhpdwlfdo h{shfwdwlrqv rshudwru> ￿| @ wkh idup
krxvhkrog*v lqirupdwlrq vhw dw wlph w= Lq wklv uhjdug/ wkh lqirupdwlrq vhw lv dvvxphg
wr frqwdlq= fxuuhqw dqg sdvw uhdol}dwlrqv ri sulfhv/ frvwv/ dqg surgxfwlrq vkrfnv> dv
zhoo dv wkh klvwru| ri krxvhkrog surgxfwlrq/ frqvxpswlrq/ dqg vdylqjv fkrlfhv xs wr
dqg lqfoxglqj +w ￿4,1 Qrwh wkdw 3 ?￿?4= Wkh uhvw ri wkh qrwdwlrq lv dv deryh1
Xvh +816,0+819, dqg +51<, wr uhvshfwlyho| vxevwlwxwh iruT￿c|n￿n￿>T 2c|n￿n￿>F ￿c|n￿n￿>
F2c|n￿n￿> dqg D2c|n￿n￿ lq +51;,1 Zh wkhq idfwru rxw frqvxpswlrq iurp +51;, e| xvlqj
+515, wr vxevwlwxwh iru lw1 Fruuhvsrqglqjo|/ wkh remhfwlyh ri wkh iduplqj krxvhkrog













￿gD￿c|n￿3￿D￿c|n￿32 .+ S2c|n￿|2 ￿ y2c|n￿3￿ ￿ i2c|n￿,
.S￿c|n￿%￿c|n￿ . S2c|n￿%2c|n￿ .+ 4.u,v|n￿3￿ ￿ v|n￿‘j +5143,
vxemhfw wr +D￿c|3￿>v |3￿, jlyhq1 H| uhsuhvhqwv H+ = m ￿|, / zkloh U￿c|n￿ ￿ S2c|n￿|2>
dqg Y￿c|n￿ ￿ +y￿c|n￿3￿ .i￿c|n￿,￿+y2c|n￿3￿ .i2c|n￿,= Wkh vxp ri U￿ dqg Y￿ fdswxuhv
wkh wrwdo +dfwxdo dqg rssruwxqlw|, frvw ri surgxflqj Furs 41 Eulh |/ wkh idup krxvh0
krog fkrrvhv d frqwlqjhqf| sodq iD￿c|n￿>v |n￿j wr pd{lpl}h lwv glvfrxqwhg h{shfwhg
lqwhuwhpsrudo xwlolw|1 Reylrxvo| {|n￿ dqg D2c|n￿ duh rewdlqhg yld +515, dqg +51<,/
uhvshfwlyho|1
Htxdwlrq +5143, uhsuhvhqwv d olqhdu0txdgudwlf rswlpl}dwlrq sureohp lq glvfuhwh
wlph1 Wkh fruuhvsrqglqj ￿uvw rughu frqglwlrqv +lqfoxglqj wkh wudqvyhuvdolw| frqgl0
wlrqv, duh rewdlqhg e| gl￿huhqwldwlqj wkh htxdwlrq zlwk uhvshfw wr D￿c|n￿ dqg v|n￿
+m @3 >4>===>W,531 Lq wklv uhjdug/ qrwh wkdw D|n￿ gluhfwo| d￿hfwv ￿|n￿n￿ dqg ￿|n￿n2 /
zklfk lq wxuq d￿hfw frqwhpsrudqhrxv frqvxpswlrq dqg xwlolw| yld wkh exgjhw frq0
vwudlqwv1 Vlploduo|/ v|n￿ lpsdfwv rq frqvxpswlrq dqg xwlolw| gxulqj +w . m,d q g
+w .m .4, wkurxjk wkh fruuhvsrqglqj exgjhw frqvwudlqwv1 Diwhu uhduudqjlqj zh wkxv
jhw iru m @3 >4>===>W￿ 4 / wkh Hxohu htxdwlrqv=





x￿+{|n￿, ￿ ￿+4 . u,x￿+{|n￿n￿,
￿￿
+5144e,
dqg iru m @ W / wkh wudqvyhuvdolw| frqglwlrqv=
3 @ olp
A<"
H|i￿An￿x￿+{|nAn￿,^S￿c|nAn￿|￿ ￿ U￿c|nAn￿ ￿Y￿c|nAn￿ ￿ eD￿c|nA
￿gD￿c|nA3￿‘D￿c|nAj +5145d,








zkhuh x￿+=, uhsuhvhqwv wkh sduwldo ghulydwlyh ri x+=, zlwk uhvshfw wr {=
Wzr uhpdunv derxw wkh ￿uvw0rughu frqglwlrqv1 Iluvw/ e| wkh olqhdulw| ri wkh rqh0
shulrg xwlolw| ixqfwlrq/ wkh pdujlqdo xwlolw| ri frqvxpswlrq ryhu wlph lv frqvwdqw1 E|
+514, lw lv htxdo wr (￿1 Khqfh wkh x￿+=, whupv gurs rxw ri doo ￿uvw rughu frqglwlrqv1
Vhfrqg/ wkh| uhyhdo wkdw/ xqghu wkh vshfl￿hg flufxpvwdqfhv/ surgxfwlrq dqg frqvxps0
wlrq ghflvlrqv duh vhsdudeoh1 Frpelqhg zlwk wkh surgxfwlrq ixqfwlrqv/ +5144d, dqg
+5145d, ghwhuplqh krxvhkrog surgxfwlrq fkrlfhv lqghshqghqw ri frqvxpswlrq1 Df0
fruglqjo| zh fdq vhsdudwho| frqvlghu wkh surgxfwlrq ghflvlrq ri wkh idup krxvhkrog
yld wkh ￿uvw0rughu frqglwlrqv uhodwlqj wr D￿c|n￿1 Dv d ￿uvw vwhs wrzdugv d vroxwlrq zh
uhvwdwh wkh Hxohu htxdwlrqv e| dsso|lqj wkh odz ri lwhudwhg frqglwlrqdo h{shfwdwlrqv
wr +5144d, dqg uhduudqjlqj54=
H| ^H|n￿ +S￿c|n￿n￿|￿ ￿ U￿c|n￿n￿ ￿ Y￿c|n￿n￿ ￿ eD￿c|n￿ ￿ gD￿c|n￿3￿ ￿ ￿gD￿c|n￿n￿, ‘@3
zkhuh w @3 >4>￿￿￿>d q gm @3 >4>￿￿￿>W ￿ 41 Iru wkhvh htxdwlrqv wr krog iru doo uhdo0
l}dwlrqv ri + S￿c|n￿n￿>U ￿c|n￿n￿>Y ￿c|n￿n￿, lw lv qhfhvvdu| wkdw wkh whup lq sduhqwkhvhv
lv htxdo wr }hur1 Wkhuhiruh/ diwhu vxevwlwxwlqj iru S￿ iurp +81:, deryh/ wkh ￿uvw0rughu























^U￿c|n￿n￿ ￿ Y￿c|n￿n￿‘ +5146,
iru doo m @3 >4>￿￿￿>W￿ 4=
Htxdwlrqv +5146, irup d vhw ri vwrfkdvwlf Hxohu htxdwlrqv1 Vlqfh wkhvh htxdwlrqv
duh olqhdu/ lw lv srvvleoh wr h{solflwo| vroyh iru wkh rswlpdo ghflvlrq uxoh li zh pdnh





￿’f duh ri phdq h{srqhqwldo rughu ohvv wkdq ￿ I
q vxfk
wkdw iru vrph PA3> dqg 4 ￿ t? ￿ I




￿ ￿ ?Pt |n￿n￿> mH|+U￿c|n￿n￿,m ?Pt |n￿n￿> mH|+Y￿c|n￿n￿,m ?Pt |n￿n￿
iru doo w dqg doo m ￿ 3551 Wkh dvvxpswlrq +urxjko|, lpsolhv wkdw H|n￿+S6
￿c|n￿n￿, /
H|n￿+U￿c|n￿n￿,> dqg H|+Y￿c|n￿n￿, zloo qrw jurz idvwhu wkdq ￿E|n￿n￿￿*2 ^Hsvwhlq dqg
54Wkh odz ri lwhudwhg frqglwlrqdo h{shfwdwlrqv vwdwhv wkdw/ iru l| \ l|n￿ +l1h1/ iru d qrqghfuhdvlqj
lqirupdwlrq vhw,=
,E ￿ ￿ l|￿’,d ,E ￿ ￿ l|n￿￿ ￿ l|o
Lq wkh vkruw0kdqg zh xvh=
,|E￿￿’,| d ,|n￿E￿￿o
55Vlqfh/ e| gh￿qlwlrq/ lw lv erxqghg zlwklq wkh lqwhuydo dfc￿o wkhuh lv qr qhhg wr pdnh wkh vdph
dvvxpswlrq derxw ￿￿￿
;\dwfkhz +4<;8/ 56;,‘/ ru/ pruh irupdoo|/ wkh wzr vwrfkdvwlf surfhvvhv duh erxqghg lq
wkh phdq ^Hfnvwhlq +4<;8/ 539,‘1 Wklv dvvxpswlrq lv pdgh wr hqvxuh wkdw wkh vroxwlrq
vdwlvi| wkh wudqvyhuvdolw| frqglwlrq1
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￿c|n￿n￿n￿, ￿ U￿c|n￿n￿n￿ ￿ Y￿c|n￿n￿n￿
￿
+5147,
zkhuh ￿￿ lv wkh vpdoohu ri wkh urrwv vdwlvi|lqj ￿
b￿ @ ￿K
_ ￿ ￿￿￿=
Htxdwlrq +5147, uhsuhvhqwv wkh idup krxvhkrog*v ghpdqg iru odqg uhodwlqj wr Furs
41 Lw lpsolhv wkdw wklv ghpdqg lv d ixqfwlrq ri sdvw doorfdwlrq ri dfuhdjh wr Furs 4/
h{shfwhg rxwsxw sulfhv/ h{shfwhg udwh ri ctxrwd*/ dqg uhdol}hg dqg h{shfwhg qrq0odqg
lqsxw dqg rssruwxqlw| frvwv1 Ehfdxvh wkh whupv H|n￿+!￿c|n￿n￿n￿,> H|n￿+S￿c|n￿n￿n￿,>
H|n￿+U￿c|n￿n￿n￿,> dqg H|+Y￿c|n￿n￿n￿, duh suhvhqw/ wkdw htxdwlrq grhv qrw |hw frqvwl0
wxwh d ghflvlrq uxoh1 Wr pdnh lw rqh/ lw lv qhfhvvdu| wr h{suhvv wkrvh h{shfwdwlrqdo
yduldeohv dv ixqfwlrqv ri hohphqwv ri wkh fxuuhqw lqirupdwlrq vhw +￿|n￿,/ l1h1/ dv ixqf0
wlrqv ri yduldeohv nqrzq wr wkh idup krxvhkrog dw wlph w . m= Zh zloo uhwxuq wr wkdw
wdvn dw d odwhu vwdjh1 Qhyhuwkhohvv/ dv lw vwdqgv/ +5147, fdq eh xvhg wr frpsxwh dfuhdjh
ghpdqg hodvwlflwlhv zlwk uhvshfw wr uhohydqw yduldeohv1
51514 Hodvwlflwlhv
Rqh ri wkh pdlq remhfwlyhv lq wklv sdshu lv wr h{dplqh wkh lpsdfw ri FJG rq wkh
lqwhuwhpsrudo surgxfwlrq fkrlfhv ri idup krxvhkrogv xqghu ulvn1 Wkh vlpsoh prgho
suhvhqwhg deryh uhgxfhv wklv wr dqdo|}lqj wkh h￿hfw ri FJG rq wkh dfuhdjh doorfdwlrq
ghflvlrqv ri idup krxvhkrogv1 Wkh reylrxv urxwh/ lq wklv uhjdug/ lv wr lghqwli| wkh
orqj0uxq dqg vkruw0uxq hodvwlflwlhv ri h{shfwhg dfuhdjh zlwk uhvshfw wr fkdqjhv lq wkh
h{shfwhg udwh ri ctxrwd*/ xvlqj htxdwlrq +5147,1 Wkh uhvsrqvh ri wkhvh doorfdwlrqv wr
sulfhv fdq dovr eh h{dplqhg lq d vlplodu idvklrq1 Wklv vhfwlrq ghdov zlwk wkh wdvn581
Uhfdoo wkdw Furs 4 lv vxemhfw wr FJG/ wkh udwh ri ctxrwd* ehlqj !￿= Dovr uhfdoo
wkh gh￿qlwlrq ri wkh dyhudjh sulfh ri wkdw furs dv=
S￿ @ ￿f . ￿￿!￿ . ￿2S6
￿
Khqfh/ wkh xqfrqglwlrqdo dqg frqglwlrqdo h{shfwdwlrqv ri wkh dyhudjh sulfh fdq eh
uhvshfwlyho| uhsuhvhqwhg dv59=
H+S￿,@￿f . ￿￿H+!￿ ,.￿2H+S6
￿ ,
56Wkh vroxwlrq surfhgxuh xvhg lv ghvfulehg lq Vhfwlrq 4 ri wkh dsshqgl{1
57Wkh vroxwlrq vwdwhg dv +5147, glvsod|v wkh fhuwdlqw| htxlydohqfh surshuw|/ l1h1/ wkh
vdph vroxwlrq zrxog uhvxow li zh kdg pd{lpl}hg wkh fulwhuld iruphg e| vxevwlwxwlqj
d,|E￿￿c|n￿￿c,|E-￿c|n￿￿c,|ET￿c|n￿￿o iru d￿￿c|n￿c- ￿c|n￿cT ￿c|n￿o dqg gursslqj wkh h{shfwdwlrqv rshu0
dwru iurp rxwvlgh wkh vxp lq wkh remhfwlyh ixqfwlrq +5143,1 Dovr vhh Vdujhqw +4<;:,/ dqg Kdqvhq dqg
Vdujhqw +4<;3,1
58Wkh glvfxvvlrq ehorz irfxvhv rq dfuhdjh hodvwlflwlhv1 Qrwh/ krzhyhu/ wkdw wkh olqhdu surgxfwlrq
ixqfwlrq fdq eh xvhg wr wudqvodwh wkh uhvsrqvh ri dfuhdjh ghpdqg lq wr wkdw ri rxwsxw vxsso|1
59Lw lv srvvleoh wr pdnh ￿fc￿ ￿c dqg ￿2 wlph0ydu|lqj sdudphwhuv wr uh hfw wkh srvvleolw| ri fkdqjhv
lq wkh uhodwlyh vwuhqjwk ri wkh wkuhh ghwhuplqdqwv ri ￿￿￿ Wr nhhs wkh prgho dv forvh wr zkdw fdq eh
hvwlpdwhg dv srvvleoh/ zh fkrvh qrw wr iroorz wkdw urxwh1
<H|n￿+S￿c|n￿n￿n￿,@￿f . ￿￿H|n￿+!￿c|n￿n￿n￿ ,.￿2H|n￿+S6
￿c|n￿n￿n￿, +5148d,
Wkh suhylrxv htxdwlrqv h{suhvv wkh dujxphqw wkdw wkh h{shfwhg udwh ri ctxrwd* dv
zhoo dv wkh h{shfwhg rxwsxw pdunhw sulfh rshudwh yld wkh h{shfwhg dyhudjh sulfh ri
Furs 41 Dv qrwhg hduolhu d fkdqjh lq wkh ctxrwd* udwh kdv d gluhfw/ qhjdwlyh h￿hfw rq
S￿= Wkdw lpsdfw lv fdswxuhg e| wkh qhjdwlyh sdudphwhu ￿￿= Wkdw zh duh frqvlghulqj
dq cdyhudjh* idup krxvhkrog lpsolhv wkdw wkh cdyhudjh* txrwd udwh pd| dovr lq xhqfh
wkh fruuhvsrqglqj pdunhw sulfh1 Wkh srvvleoh urxwhv wkurxjk zklfk wklv h￿hfw pd|
rffxu lqfoxgh= wkh lqfrph h￿hfw rq idup krxvhkrogv* ghpdqg iru jrrgv +lqfoxglqj
Furs 4,> wkh h￿hfw rq wkh vxsso| ri Furs 4 lq wkh uxudo pdunhw> wkh lpsdfw rq wkh
sxufkdvhv ri Furs 4 pdgh e| xuedq frqvxphuv2wudghuv1 D ulvh lq wkh ctxrwd* udwh
uhgxfhv wkh lqfrph ri idup krxvhkrogv1 Lw pd| wkxv orzhu wkhlu ghpdqg iru Furs 4
li lw lv d qrupdo jrrg1 Lw lv dovr olnho| wr lqgxfh d idoo lq wkdw sduw ri xuedq ghpdqg
iru Furs 4 zklfk lv phw yld gluhfw sxufkdvhv rq wkh uxudo judlq pdunhw1 Wklv lv d
frqvhtxhqfh ri wkh idfw wkdw d iudfwlrq ri wkh dprxqw ri Furs 4 surfxuhg jrhv wr
xuedq frqvxphuv1 Rq wkh rwkhu kdqg/ d ulvh lq wkh ctxrwd* udwh ohdgv wr d ghfuhdvhg
vxsso| rq wkh uxudo pdunhw1 Wkh ￿uvw wzr whqg wr sxvk wkh pdunhw sulfh grzqzdugv/
zkloh wkh wklug h{huwv d suhvvxuh lq wkh rssrvlwh gluhfwlrq1 Wkh xowlpdwh h￿hfw rq wkh
pdunhw sulfh ri Furs 4 lq wkh uxudo pdunhw lv ghshqghqw rq wkh uhodwlyh vwuhqjwk ri
wkhvh frxqwhudfwlqj suhvvxuhv1
Lq olqh zlwk wkh revhuydwlrqv lq wkh suhylrxv sdudjudsk/ +5148d, lv gl￿huhqwldwhg
zlwk uhvshfw wr wkh uhohydqw h{shfwhg !￿> wr ghulyh wkh lpsdfw ri wkh odwhu rq wkh
xqfrqglwlrqdo dqg frqglwlrqdo phdqv ri wkh dyhudjh sulfh ri Furs 4/ uhvshfwlyho|=
CH+S￿,
CH+!￿,





















Qrwh wkdw dq h{shfwhg ulvh lq S6
￿ dozd|v lqfuhdvhv wkh h{shfwhg dyhudjh sulfh +￿2 A 3,1
Lq frqwudvw/ d ulvh lq h{shfwhg !￿ jhqhudwhv wzr srwhqwldoo| frxqwhudfwlqj h￿hfwv1 Wkh
gluhfw h￿hfw lv dozd|v qhjdwlyh vlqfh/ jlyhq Sr
￿ dqg S6
￿ > d kljkhu ctxrwd* udwh uhvxowv d
odjhu h{shfwhg vkduh ri wkh orzhu Sr
￿ lq wkh dyhudjh sulfh1 Wkh lqgluhfw h￿hfw/ zklfk
rshudwhv yld S6
￿ > lv dpeljxrxv vlqfh wkh lpsdfw ri !￿ rq S6
￿ fdqqrw eh vljqhg d
sulrul1 Li wkh lqgluhfw h￿hfw lv qhjdwlyh +ru }hur,/ wkhq/ dq h{shfwhg ulvh lq wkh ctxrwd*
udwh ohdgv wr dq h{shfwhg idoo lq wkh dyhudjh sulfh ri Furs 41 Lq frqwudvw/ li wkh











wkhq/ wkh qhw h￿hfw lv dq h{shfwhg idoo lq wkh dyhudjh sulfh ri Furs 45:1
5:Reylrxvo|/ wkh wzr rssvlwh h￿hfwv pd| fdqfho hdfk rwkhu rxw li wkh| duh htxdo1
43Orqj0uxq hodvwlflwlhv Wkh orqj0uxq hodvwlflwlhv h{suhvv wkh lpsdfw ri h{shfwhg
fkdqjhv lq phdq sulfhv dqg wkh phdq ctxrwd* udwh rq wkh idup krxvhkrog*v phdq
dfuhdjh ghpdqg1 Zh ehjlq zlwk wkh h￿hfw ri wkh ctxrwd* udwh1 Wkh orqj0uxq hodvwlflw|





> lv ghulyhg e| ￿uvw
wdnlqj wkh xqfrqglwlrqdo h{shfwdwlrq ri +5147,/ gl￿huhqwldwlqj zlwk uhvshfw wr H+!￿,
dqg pdnlqj xvh ri +5148e,/ dqg zhljkwlqj wkh uhvxow e| wkh udwlr ri wkh xqfrqglwlrqdo






















Wkh orqj0uxq hodvwlflw| ri h{shfwhg dfuhdjh ghpdqg zlwk uhvshfw wr h{shfwhg pdunhw
sulfh ri Furs 4/ ￿u




































Uhfdoo wkdw= 3 ?￿?4> 3 ? m￿￿m ? 4> |￿ lv srvlwlyh> dqg ￿￿ dqg g fdq eh srvlwlyh
ru qhjdwlyh1 Krzhyhu/ wkh odwwhu wzr zloo kdyh rssrvlwh vljqv vlqfh g I 3 lpsolhv
￿￿ 0 35<1 Lq dgglwlrq/ wkh qdwxuh ri wkh FJG lpsolhv wkdw dqg 3 ? H+!￿, ? 4>￿ ￿
lv qhjdwlyh/ dqg 3 ?￿ 2 ? 4= E| pdnlqj xvh ri wkhvh ihdwxuhv/ wkh iroorzlqj fdq eh
lqihuuhg iurp +5149d, dqg +5149f,631




￿,d+￿E￿f n ￿￿￿￿ n ￿2￿
6


















,d+￿E￿f n ￿￿￿￿ n ￿2￿
6
￿ ￿ 3 -￿ 3 T￿o
5<Wkdw/ b￿b2 ’
￿
qc dqg/ f ￿q￿￿c lpso|/ b￿b2 : fc vxfk wkdw b￿ dqg b2 kdyh wkh vdph vljq1
Ixuwkhu/ zlwk K dqg q srvlwlyh/ b￿ nb2 ’ 3
K
q_c phdqv wkdw wkh vljq ri b￿ dqg b2 ghshqgv rq wkdw ri
_￿ Lq vkruw/ li _ I fc wkhq/ b￿ n b2 0 fc dqg wkxv/ b￿cb 2 0 f￿
63Qrwh wkdw dqdorjrxv uhvxowv krog lq wkh vwdwlf fdvh xqghu fhuwdlqlw| ^vhh Wd￿hvvh +4<<;,‘1
444, Wkh orqj0uxq ctxrwd* hodvwlflw|/ ￿u
￿c￿> lv qhjdwlyh li erwk wkh gluhfw dqg lqgluhfw
h￿hfwv ri !￿ duh qhjdwlyh/ ru li= wkh odwwhu/ wkrxjk srvlwlyh/ lv ohvv wkdq wkh





Lw lpsolhv wkdw wkh lpsrvlwlrq ri/ ru lqfuhdvh lq wkh udwh ri/ wkh ctxrwd* rq Furs
4 uhgxfhv wkh dfuhdjh vkduh ri wkdw furs lq wkh orqj0uxq1 Wkh lpsdfw rffxuv
yld wkh dyhudjh sulfh/ S￿= D ulvh lq wkh phdq udwh ri ctxrwd* ghfuhdvhv wkh phdq
S￿> dqg wkhuhe| pdnhv Furs 4 ohvv sur￿wdeoh1 Dv d uhvxow wkh krxvhkrog orzhuv
lwv phdq dfuhdjh ghpdqg iru wkdw furs/ surylghg wkdw lw lv ihdvleoh wr gr vr1
Wkh uhgxfwlrq lv frqglwlrqhg e| surgxfwlrq srvvlelolwlhv yld e> |￿> dqg g> dv
zhoo dv krxvhkrog udwh ri wlph suhihuhqfh wkurxjk ￿= L iF u r s5l vi u h hi u r p
wkh ctxrwd* wkh krxvhkrog vzlwfkhv lqwr wkdw furs1 Li Furs 5 lv dovr vxemhfw wr
ctxrwd*/ krzhyhu/ wkh fkrlfh ehwzhhq wkh wzr fursv zloo eh d￿hfwhg qrw rqo| e|
surgxfwlrq srvvlelolwlhv/ exw dovr e| wkh uhodwlyh pdjqlwxgh ri wkh wzr ctxrwd*
udwhv1 Eulh |/ lq wkh orqj0uxq/ wkh v|vwhp ri irufhg judlq surfxuhphqw pd|
uhgxfh wkh surgxfwlrq ri wkh fursv lw gluhfwo| d￿hfwv/ dqg pd| hyhq ohdg wr d
idoo lq furs surgxfwlrq dv zkroh1 Rq wkh rwkhu kdqg/ wkh ￿u





Lq rwkhu zrugv/ d srvlwlyh lqgluhfw h￿hfw pruh wkdq frpshqvdwhv iru wkh qhjdwlyh
gluhfw h￿hfw/ vxfk wkdw phdq S￿ ulvhv1 Wklv ulvh/ lq wxuq/ surylghv wkh lqfhqwlyh
iru wkh krxvhkrog wr lqfuhdvh lwv orqj0uxq dfuhdjh ghpdqg iru Furs 41
5, Wkh orqj0uxq sulfh hodvwlflw|/ ￿u
￿c￿ 6> lv srvlwlyh exw orzhu wkdq zkdw lw zrxog
k d y he h h ql qw k hd e v h q f hr iF J G 1L q g h h gdr q hs h u f h q wu l v hl qF u r s4 * vp d u 0
nhw sulfh frxqwv dv d ￿2 shufhqw +ohvv wkdq rqh shufhqw, lqfuhdvh iru wkh idup
krxvhkrog*v dfuhdjh ghflvlrqv1 Wkxv/ wkh v|vwhp ri frpsxovru| judlq gholyhu|
uhgxfhv wkh orqj0uxq sulfh uhvsrqvlyhqhvv ri furs vxsso|1
6, Wkh orqj0uxq hodvwlflw| ri dfuhdjh ghpdqg iru Furs 4 surgxfwlrq zlwk uhvshfw wr
U￿>￿ u
￿c-> lv qhjdwlyh1 D shupdqhqw ulvh lq wkh uhyhqxh +shu khfwduh, rewdlqdeoh
iurp wkh fxowlydwlrq ri Furs 5 fuhdwhv wkh lqfhqwlyh iru wkh krxvhkrog wr vzlwfk
lqwr wkdw furs/ dqg rxw ri Furs 41
Vkruw0uxq hodvwlflwlhv Wkh vkruw0uxq hodvwlflwlhv fdswxuh wkh h￿hfw/ rq fxuuhqw
dfuhdjh ghpdqg/ ri fkdqjhv lq h{shfwhg sulfhv dqg ctxrwd* udwhv/ +l .4 ,shulrgv khqfh1
Wkhvh hodvwlflwlhv duh frpsxwhg lq wkh vdph zd| dv wkhlu orqj0uxq frxqwhusduwv/ exw
gluhfwo| xvlqj +5147,/ zlwk +5148e,/ dqg +5148f,1 Iru !￿>S6
￿ > dqg U￿ wkhvh hodvwlflwlhv/
hydoxdwhg dw wkh xqfrqglwlrqdo phdqv ri !￿>S 6



























































Djdlq zh xvh wkh diruhphqwlrqhg uhvxowv frqfhuqlqj ￿￿>￿ >g >| ￿>￿ ￿> dqg ￿2= Lq
dgglwlrq/ qrwh wkdw/ jlyhq wkh vljq ri g> w k hv l j qr i+￿￿￿,
￿ > ghshqgv rq zkhwkhu l lv
hyhq ru rgg1 Vxssrvh wkh ghfolqh lq odqg surgxfwlylw| lv wkh grplqdqw g|qdplf h￿hfw
vxfk wkdw g lv srvlwlyh1 Wkhq ￿￿ dqg +￿￿￿, duh qhjdwlyh1 Khqfh/ +￿￿￿,
￿ lv qhjdwlyh
+srvlwlyh, zlwk l rgg +hyhq,1 Lq frqwudvw/ g lv qhjdwlyh li dgmxvwphqw frvwv ghqrplqdwh
g|qdplf ehkdylrxu1 Dffruglqjo|/ ￿￿> dqg +￿￿￿,> duh srvlwlyh/ vxfk wkdw +￿￿￿,
￿ > lv
srvlwlyh iru doo l= Khqfh=
+￿￿￿,
￿ ? 3>l i+gA3 dqg l lv rgg,
+￿￿￿,
￿ A 3>l i+gA3 dqg l lv hyhq, ru +g?3,
Qrwh dovr wkdw +￿￿￿,
￿ > dssurdfkhv }hur dv l jhwv odujhu/ lpso|lqj wkdw wkh ixuwkhu
lqwr wkh ixwxuh d shulrg lv wkh ohvv lpsruwdqw wr fxuuhqw ghflvlrqv lw ehfrphv1 Wkhvh
ihdwxuhv hqdeoh xv wr pdnh wkh iroorzlqj revhuydwlrqv frqfhuqlqj vkruw0uxq hodvwlflwlhv
rq wkh edvlv ri +514:d, dqg +514:f,1
4, Wkh vkruw0uxq hodvwlflw| ri dfuhdjh ghpdqg zlwk uhvshfw wr h{shfwhg udwh ri
ctxrwd* dowhuqdwhv vljq zlwk l li gA3= Lw lv/ krzhyhu/ qhjdwlyh iru doo l surylghg
wkdw g?3> dqg wkdw wkh gluhfw dqg lqgluhfw h￿hfwv ri !￿ duh erwk qhjdwlyh/ ru





Ixuwkhupruh/ dv wkh iruhfdvw shulrg ehfrphv orqjhu +l1h1/ wkh kljkhu l lv,/ wklv
hodvwlflw| jhwv forvhu wr }hur1
5, Wkh vkruw0uxq hodvwlflw| ri dfuhdjh ghpdqg zlwk uhvshfw wr h{shfwhg pdunhw
sulfh ri Furs 4 dowhuqdwhv vljq zlwk l li gA3= Lw lv/ krzhyhu/ srvlwlyh iru doo
l surylghg wkdw g?3= Olnh lwv orqj0uxq frxqwhusduw/ wklv hodvwlflw| lv orzhu
wkdq wkh ohyho wkdw zrxog rewdlq lq d FJG0iuhh hqylurqphqw1 Lq dgglwlrq/ wkh
pdjqlwxgh ri wklv hodvwlflw| ehfrphv vpdoohu lq devroxwh ydoxh dv wkh iruhfdvw
shulrg jhwv orqjhu1
6, Wkh vkruw0uxq hodvwlflw| ri dfuhdjh ghpdqg zlwk uhvshfw wr U￿ dowhuqdwhv vljq
zlwk l li gA3= Lw lv/ krzhyhu/ qhjdwlyh iru doo l surylghg wkdw g?3= Olnh wkh
rwkhu vkruw0uxq dfuhdjh hodvwlflwlhv/ wklv hodvwlflw| ghfolqhv +lq devroxwh ydoxh,
wrzdugv }hur dv wkh iruhfdvw shulrg jhwv orqjhu1
46Wzr h{dpsohv looxvwudwh vrph ri wkhvh ihdwxuhv1 Lq erwk fdvhv/ dvvxph wkdw wkh
h￿hfw ri h{shfwhg !￿ rq h{shfwhg S￿ lv qhjdwlyh1 Iluvw/ vxssrvh wkh idup krxvhkrog
dqwlflsdwhv d ulvh lq qh{w +ru kduyhvw, shulrg*v ctxrwd* udwh1 Lq wklv fdvh zkhuh l @3 >
wkh vkruw0uxq hodvwlflw| lv qhjdwlyh/ lpso|lqj wkdw wkh krxvhkrog uhvsrqgv e| uhgxflqj
wkh fxuuhqw dfuhdjh vkduh ri Furs 41 Wkh krxvhkrog h{shfwv d orzhu uhwxuq iurp
fxowlydwlqj Furs 4 dqg dffruglqjo| uhgxfhv lwv fxuuhqw dfuhdjh doorfdwlrq wr wkdw
furs1 Lq frqwudvw/ dq h{shfwhg lqfuhdvh lq wkh kduyhvw shulrg*v S6
￿ > dqg wkxv d kljkhu
sur￿w iurp Furs 4/ zloo lqgxfh d kljkhu dfuhdjh vkduh iru wkh furs1 Vhfrqg/ vxssrvh
wkh krxvhkrog h{shfwv !￿ wr ulvh wzr shulrgv khqfh +l1h1/ l @4ru gxulqj w . m .5 ,1
Frqvhtxhqwo| wkdw shulrg*v h{shfwhg uhwxuq iurp Furs 4 idoov1 Ixuwkhu dvvxph wkdw
gA3= Wkhq ghwhulrudwlqj vrlo ihuwlolw| phdqv wkdw wkh krxvhkrog kdv wr sodqw pruh
+ohvv, ri Furs 4 gxulqj +w.m.4, ghshqglqj rq zkhwkhu lw kdv fxowlydwhg ohvv +pruh, ri
wkdw furs gxulqj wkh fxuuhqw shulrg +l1h1/ w.m,1 Wr frxqwhu wkh srwhqwldo orvv ri uhyhqxh
dqg vlpxowdqhrxvo| vdwlvi| wkh qhhg iru furs urwdwlrq wkh krxvhkrog jurzv pruh ri
Furs 41 Lq vkruw/ fxuuhqw dfuhdjh ghpdqg iru Furs 4 ulvhv ehfdxvh orzhu h{shfwhg
sur￿wdelolw| frpelqhv zlwk wkh g|qdplf h￿hfw ri ghfolqlqj odqg surgxfwlylw| wr pdnh
wkdw furs pruh dwwudfwlyh iru fxuuhqw surgxfwlrq1 Rq wkh rwkhu kdqg/ vlqfh lw lqyroyhv
d srwhqwldo jdlq lq lqfrph/ wkh frqyhuvh zloo dsso| iru dq h{shfwhg lqfuhdvh lq Furs
4*v pdunhw sulfh wkdw zloo rewdlq gxulqj +w . m .5 ,1
Wr vxppdul}h/ e| ghfuhdvlqj wkh uhwxuqv wr idup krxvhkrogv/ FJG lv olnho| wr
kdyh uhgxfhg/ gluhfwo| dv zhoo dv wkurxjk orzhu rzq0sulfh uhvsrqvlyhqhvv/ wkh orqj0uxq
dfuhdjh vkduh +dqg wkxv rxwsxw vxsso|, ri wkh fursv lw d￿hfwhg1 Wkh fruuhvsrqglqj
vkruw0uxq h￿hfwv duh pruh frpsolfdwhg lq wkdw wkh| dovr ghshqg rq wkh sdwwhuq ri
wkh g|qdplf h￿hfwv dw zrun1 Pruhryhu/ erwk ri wkhvh h￿hfwv duh ixuwkhu frpsolfdwhg
e| wkh lpsdfw ri wkh cdyhudjh* udwh ri ctxrwd* rq pdunhw sulfh 0 dq lpsdfw zklfk
fdqqrw eh vljqhg d sulrul1 Rq wkh rwkhu kdqg/ lw lv vkrzq wkdw dfuhdjh ghpdqg




Lq wklv vhfwlrq zh ghvfuleh wkh edvlf ihdwxuhv ri rxu gdwd1 Wkh pdlq vrxufhv ri
lqirupdwlrq duh wkh sxeolfdwlrqv ri wkh Fhqwudo Vwdwlvwlfdo Dxwkrulw| +FVD, dqg wkh
Hwklrsldq Djulfxowxudo Pdunhwlqj Djhqf| +HDPF,641 Wkh gdwd vhw wkxv frpsolhg
frqwdlqv lqirupdwlrq rq= dfuhdjh/ rxwsxw/ dqg |lhog ri pdmru dqqxdo fursv> surgxfhu
sulfhv ri fursv> dqg HDPF sxufkdvhv dqg surfxuhphqw sulfhv1
Ehiruh prylqj rq wr frqvlghulqj rwkhu fkdudfwhulvwlfv ri wkh gdwd/ zh uhpdun rq
lwv vsdwldo dqg whpsrudo glphqvlrqv1
41 Wkh xqlw ri revhuydwlrq duh dgplqlvwudwlyh uhjlrqv1 Xs wr 4<;; wkhuh zhuh
47 dgplqlvwudwlyh uhjlrqv lq wkh frxqwu|1 Ri wkhvh gdwd lv qrw dydlodeoh iru wzr
+Hulwuhd dqg Wljud|,1 Lq 4<;; d qhz dgplqlvwudwlyh vwuxfwxuh zlwk wkluw| uhjlrqv
zdv lqwurgxfhg1 Wzhqw|0vl{ ri wkhvh duh fryhuhg e| rxu gdwd vhw1 Lq dgglwlrq
wr Hulwuhd dqg Wljud|/ wzr qhz uhjlrqv +Dvvde dqg Rjdghq, duh qrw fryhuhg
64Uhfhqwo| wklv djhqf| kdv ehhq uhrujdql}hg dqg uhqdphg wkh Hwklrsldq Judlq Wudgh Hqwhusulvh
+HJWH,1
47e| wkh uhsruwv dydlodeoh651 Wkh wzhqw|0vl{ uhjlrqv duh djjuhjdwhg lqwr wzhoyh
wr pdnh wkh fryhudjh frpsdwleoh zlwk wkdw ri wkh suhylrxv |hduv661 Dowkrxjk
lqh{dfw/ wklv djjuhjdwlrq lv qrw olnho| wr lqyroyh vxevwdqwldo huuruv1
51 Wkh gdwd vhw fryhuv wkh shulrg iurp 4<;32;4 wr 4<;<2<31 Wkhuh duh d qxpehu ri
uhdvrq iru uhvwulfwlqj wkh dqdo|vlv wr wklv shulrg1 Iluvw/ dowkrxjk lqwurgxfhg lq
4<:</ wkh fhqwudol}hg FJG v|vwhp zdv qrw ixoo| rshudwlrqdo xqwlo 4<;4671 Wklv
zdv sduwlfxoduo| wuxh ri lwv lpsdfw rq idup krxvhkrogv1 Vhfrqg/ rxu pdlq vrxufh
ri frqvlvwhqw wlph0vhulhv gdwd lv wkh dqqxdo Djulfxowxudo Vdpsoh Vxuyh| ri wkh
FVD1 Wklv Vxuyh| kdv ehjdq lq 4<;32;41 Wklug/ wkh FJG v|vwhp zdv derolvkhg
lq 4<<31 Irxuwk/ d qhz jryhuqphqw dvvxphg srzhu lq 4<<4/ dqg vxevhtxhqwo|
dgrswhg d udglfdoo| gl￿huhqw dgplqlvwudwlyh vwuxfwxuh dv zhoo dv dq hfrqrplf
vwuxfwxudo dgmxvwphqw surjudp1 Wkh ￿uvw wzr idfwv phdq wkdw lw lv uhdvrqdeoh
wr vwduw zlwk 4<;32;4/ zkhuhdv wkh odvw wzr lpso| wkdw lw lv sureohpdwlf wr jr
eh|rqg 4<;<2<31
61414 dfuhdjh doorfdwlrq sdwwhuqv
Lq wklv vhfwlrq zh kljkoljkw wkrvh ihdwxuhv ri uhjlrqdo odqg doorfdwlrq sdwwhuqv zklfk
gluhfwo| ehdu rq wkh wdvn dw kdqg1 Wdeoh 4 uhsruwv wkh dyhudjh uhjlrqdo dfuhdjh
vkduhv ri fhuhdov dv d jurxs dqg lwv ￿yh pdlq frqvwlwxhqwv681 Wkh ￿uvw urz ri ￿jxuhv
lq wkdw wdeoh frq￿up zkdw kdv ehhq revhuyhg ehiruh> fhuhdov frqvwlwxwh e| idu wkh
prvw lpsruwdqw dqqxdo furs wr idup krxvhkrogv/ dffrxqwlqj iru pruh wkdq ;3 shu fhqw
ri wkh wrwdo duhd sodqwhg zlwk dqqxdo fursv1 Wkh uhvw lv fxowlydwhg zlwk sxovhv dqg
rlo vhhgv1 Iurp dprqj fhuhdov/ pdl}h dqg Wh￿ kdyh wkh odujhvw vkduhv/ uhvshfwlyho|
dffrxqwlqj iru 58 shu fhqw dqg 56 shu fhqw1 Wkh wdeoh dovr vkrzv wkh frqvlghudeoh
uhjlrqdo yduldwlrq lq odqg doorfdwlrq dprqj fursv1 Iru lqvwdqfh/ Duvvl dqg Edoh idup
krxvhkrogv frqfhqwudwh rq jurzlqj eduoh| dqg zkhdw/ zkloh wkrvh uhvlglqj lq Jrmdp
dqg Jrqgdu doorfdwh pruh wkdq kdoi ri fhuhdo0fxowlydwhg odqg wr eduoh| dqg Wh￿1
Vxfk yduldwlrq uh hfwv gl￿huhqfhv lq qdwxudo hqgrzphqwv/ whfkqrorjlfdo srvvlelolwlhv/
wdvwhv/ dqg wkh klvwrulfdo surfhvvhv zklfk d￿hfw doo ri wkhvh uhjlrqdo dqg lqglylgxdo
65Dvvde dqg Rjdghq duh qrw pdmru furs surgxflqj duhdv1 Wkdw wkh| duh qrw lqfoxghg iru wkh |hduv
4<;;2;< dqg 4<;<2<3 lv xqolnho| wr pdwhuldoo| d￿hfw frpsdwleolw| zlwk wkh gdwd iru wkh |hduv ehiruh
4<;;1




Jdpr Jrid @ Qruwk Rpr . Vrxwk Rpr
Jrmdp @ Hdvw Jrmdp . Zhvw Jrmdp . Phwhnho
Jrqgru @ Qruwk Jrqgru . Vrxwk Jrqgru
Kdudujkh @ Zhvw Kdudujkh . Hdvw Kdudujkh . Gluh Gdzd
Looxederu @ Looxederu . Jdpehod
Nh￿d @ Nh￿d
Vkhzd @ Hdvw Vkhzd . Qruwk Vkhzd . Vrxwk Vkhzd . Zhvw Vkhzd
Vlgdpr @ Vlgdpr . Eruhqd
Zhoohjd @ Zhoohjd . Dvrvd
Zroor @ Qruwk Zroor . Vrxwk Zroor
67Vhh Wd￿hvvh +4<<;, iru ghwdlov1
68Qrwh wkdw Surgxfhuv* Frrshudwlyhv dqg Vwdwh Idupv duh h{foxghg/ vxfk wkdw doo ￿jxuhv uhodwh wr
sulydwh shdvdqw surgxfhuv
48Wdeoh 4= Phdq Uhjlrqdo Dfuhdjh Vkduhv +4<;40<3,
Uhjlrq Fhuhdov Eduoh| Pdl}h Vrujkxp Wh￿ Zkhdw
Qdwlrqdo 31;: +3139, 314; +3146, 3158 +314;, 314; +3149, 3156 +3146, 3143 +3143,
Duvvl 31;6 +3136, 316: +3137, 3144 +3135, 3138 +3135, 3143 +3135, 3167 +3137,
Edoh 31;< +3136, 3176 +3139, 3145 +3138, 3134 +3134, 313; +3137, 3158 +3137,
Jdpr Jrid 31<5 +3137, 3147 +3136, 316: +3145, 3164 +313:, 3148 +313;, 3136 +3135,
Jrmdp 31;4 +3135, 3154 +3139, 3146 +3135, 3138 +3135, 3176 +3136, 313; +3135,
Jrqgru 31:8 +3135, 3157 +313:, 3139 +3135, 314; +3137, 3166 +3137, 313< +3136,
Kdudujkh 31<7 +3135, 3138 +3135, 3159 +313;, 318< +313;, 3138 +3134, 3137 +3134,
Looxederu 31<5 +3135, 3138 +3135, 3174 +3136, 314; +3136, 3165 +3135, 3135 +3134,
Nh￿d 31<3 +3136, 3139 +3134, 3174 +3139, 314< +3137, 3159 +313:, 3137 +3135,
Vkhzd 31;5 +3135, 314< +3136, 314: +3136, 3147 +3136, 3166 +3136, 314: +3135,
Vlgdpr 31<4 +3135, 3145 +3137, 3194 +3143, 313: +3136, 3148 +3138, 3137 +3135,
Zhoohjd 31;: +3135, 313: +3135, 3166 +313:, 3148 +3136, 3169 +3137, 3135 +3134,
Zroor 31;5 +3137, 315: +313<, 3138 +3135, 315: +313;, 3158 +3137, 3147 +3135,
Qrwhv= Vwdqgdug ghyldwlrqv lq sduhqwkhvhv1 Vkduhv duh frpsxwhg iurp gdwd frsplohg iurp FVD/
Vwdwlvwlfdo Exoohwlq Qr1 89/ Qr1 :7/ Qr1 :</ dqg Qr14361 Wkh vkduh ri fhuhdov lv rxw ri wrwdo
dfuhdjh fxowlydwhg zlwk dqqxdo fursv/ zkloh wkrvh ri lqglylgxdo fursv duh rxw ri wrwdo fhuhdo
dfuhdjh1
dwwulexwhv1 Lq wkh dqdo|vlv ehorz/ zh zloo h{sorlw wklv uhjlrqdo yduldwlrq mrlqwo| zlwk
wkh yduldwlrq dfurvv wlph shulrgv1
61415 ctxrwd* udwhv
Wkh dydlodeoh gdwd uhjduglqj HDPF*v surfxuhphqw ri fursv iurp idup krxvhkrogv
fdq eh jurxshg lqwr wzr691 Wkh ￿uvw jurxs frqvlvwv ri wkh dqqxdo grphvwlf sxu0
fkdvhv ri HDPF e| furs +lqfoxglqj wkh ￿yh pdmru fhuhdov, dqg vrxufh ri vxsso|
+lqfoxglqj phufkdqwv/ dqg idup krxvhkrogv yld Shdvdqw Dvvrfldwlrqv dqg Vhuylfh Fr0
rshudwlyhv,1 Wkh vhfrqg fdwhjru| lv iruphg e| wkh dqqxdo sxufkdvhv ri HDPF iurp
iduphuv dqg phufkdqwv +wrjhwkhu,/ e| furs dqg dgplqlvwudwlyh uhjlrq1 Iurp wkh ￿uvw
vhw zh frpsxwh wkh vkduh/ dw wkh qdwlrqdo ohyho/ ri idup krxvhkrogv lq wkh wrwdo gr0
phvwlf surfxuhphqw ri gl￿huhqw fursv e| HDPF1 Wkh dqdorjrxv vkduh ri phufkdqwv
lv vlploduo| rewdlqhg1 Zh wkhq fdofxodwh wkh uhodwlyh vkduhv ri wkh wzr vxssolhuv/
dqg vxevhtxhqwo| dsso| wkh uhvxowv rq wkh fruuhvsrqglqj uhjlrqdo surfxuhphqwv iurp
iduphuv dqg phufkdqwv vr dv wr duulyh dw dq hvwlpdwh ri wkh dqqxdo ohyho ri ctxrwd* e|
furs dqg dgplqlvwudwlyh uhjlrq1 Ilqdoo|/ wkh udwlr ri wkh ctxrwd* ohyho wkxv rewdlqhg












zkhuh= !￿&| lv wkh udwh ri ctxrwd* dsso|lqj wr furs l dqg uhjlrq n lq |hdu w> v8
￿| dqg v￿
￿|
duh/ uhvshfwlyho|/ wkh +qdwlrqdo, vkduh ri idup krxvhkrogv dqg phufkdqwv lq HDPF*v
wrwdo grphvwlf surfxuhphqw ri furs l lq |hdu w> [￿&| uhsuhvhqwv wkh wrwdo dprxqw ri
69Doo wkh lqirupdwlrq frqfhuqlqj wkh rshudwlrqv ri wkh HDPF duh frpslohg iurp HDPF +4<;:,
dqg HJWH +4<<8,1
49Wdeoh 5= Phdq Uhjlrqdo cTxrwd* Udwhv +4<;40<3,
Uhjlrq Eduoh| Pdl}h Vrujkxp Wh￿ Zkhdw
Qdwlrqdo 3135 +3136, 3135 +3138, 3135 +3136, 3136 +3138, 3138 +313;,
Duvvl 313; +3138, 313: +3148, 3136 +3136, 3134 +3134, 314< +313;,
Edoh 313: +313:, 3135 +3135, 3135 +3135, 3134 +3136, 314< +3144,
Jdpr Jrid 3133 +3133, 3134 +3134, 3133 +3134, 3134 +3134, 3133 +3133,
Jrmdp 3136 +3135, 3136 +3135, 313; +3138, 314; +3139, 313; +3136,
Jrqgru 3134 +3134, 3134 +3134, 3135 +3134, 3134 +3134, 3134 +3134,
Kdudujkh 3133 +3133, 3133 +3133, 3133 +3134, 3134 +3135, 3136 +313:,
Looxederu 3133 +3134, 3134 +3134, 3134 +3135, 3134 +3134, 3133 +3134,
Nh￿d 3135 +3137, 3134 +3134, 3134 +3134, 3133 +3134, 3134 +3134,
Vkhzd 3136 +3135, 313; +3137, 3137 +3136, 3138 +3134, 3139 +3136,
Vlgdpr 3133 +3133, 3133 +3133, 3133 +3133, 3136 +3136, 3134 +3134,
Zhoohjd 3134 +3134, 3136 +3136, 3135 +3135, 3136 +3135, 3137 +3136,
Zroor 3133 +3133, 3136 +3137, 3135 +3134, 3134 +3134, 3134 +3134,
Qrwhv= Vwdqgdug ghyldwlrqv lq sduhqwkhvhv1
furs l sxufkdvhg e| HDPF iurp wkh iduphuv dqg phufkdqwv ri uhjlrq n lq |hdu w>
dqg T￿&| lv wkh wrwdo rxwsxw ri furs l surgxfhg e| wkh idup krxvhkrogv ri uhjlrq n lq
|hdu w= Wkh udwhv fdofxodwhg lq wklv pdqqhu duh wr eh ylhzhg dv wkh dyhudjh udwhv ri
ctxrwd* zklfk idup krxvhkrogv ri uhjlrq n idfhg gxulqj |hdu w=
Dw wkh qdwlrqdo ohyho/ wkh dyhudjh vkduh ri idup krxvhkrogv lq HDPF*v wrwdo
grphvwlf sxufkdvhv udqjh iurp 93 shufhqw iru pdl}h wr :9 shufhqw iru Whii= Wkh
fruuhvsrqglqj ctxrwd* udwhv udqjh iurp 508 shufhqw +vhh Wdeoh 5,1 Krzhyhu/ wkhuh
zhuh vxevwdqwldo uhjlrqdo gl￿huhqfhv lq ctxrwd* udwhv1 Wkh uhohydqw udwhv iru wkh ￿yh
pdlq fhuhdov duh vxppdul}hg lq Wdeoh 51 Wkh dyhudjh uhjlrqdo ctxrwd* udwh fdq eh dv
orz dv }hur iru prvw fursv +Jdpr Jrid,/ dqg dv kljk dv 4< shufhqw iru zkhdw +Duvvl
dqg Edoh,1 Lq wklv uhjdug/ wkh jhqhudo sdwwhuq kdv ehhq wkdw kljkhu uhjlrqdo rxwsxw
ri d furs phdqw kljkhu uhjlrqdo ctxrwd* ohyho1 Wkh fruuhvsrqglqj fruuhodwlrqv duh doo
srvlwlyh/ dqg duh prvwo| odujh dqg vljql￿fdqw +vhh Wdeoh 6,1 Wklv sdwwhuq uh hfwv wkh
ctxrwd* ghwhuplqdwlrq surfhvv ghvfulehg deryh1 Lw dovr surylghv vrph vxssruw wr wkh
dujxphqw wkdw wkh ctxrwd* vkrxog eh wuhdwhg dv dq lpsolflw sursruwlrqdo rxwsxw wd{6:1
61416 furs sulfhv
Wzr vhwv ri furs sulfhv duh uhohydqw iru rxu dqdo|vlv/ qdpho|/ surfxuhphqw sulfhv dqg
pdunhw sulfhv1 Surfxuhphqw sulfhv zhuh dgplqlvwudwlyho| ghwhuplqhg e| wkh fhqwudo
jryhuqphqw1 Wkh| zhuh dovr sdq0whuulwruldo lq wkdw wkh| dsso| wr doo sduwv ri wkh
frxqwu|1 Phdq surfxuhphqw sulfhv iru wkh ￿yh pdlq fhuhdov duh uhsruwhg lq Wdeoh 71
Dv lqglfdwhg e| wkh orz vwdqgdug ghyldwlrqv/ wkhvh sulfhv glg qrw fkdqjh vljql￿fdqwo|
lq wkh 4<;3v1 Lq idfw wkh| zhuh udlvhg rqo| rqfh iru eduoh| dqg zkhdw/ dqg wzlfh iru wkh
uhpdlqlqj wkuhh fhuhdov gxulqj wkdw shulrg1 Qrw rqo| zhuh wkh lqfuhdvhv lqiuhtxhqw/
wkh| zhuh dovr yhu| prghvw/ lqyroylqj Eluu 4 0 Eluu 7 shu txlqwdo6;1
6:Lw grhv qrw krzhyhu lpso| wkdw wkhvh wzr yduldeohv duh srvlwlyho| fruuhodwhg ryhuwlph1
6;Xqsxeolvkhg HDPF grfxphqw1
4:Wdeoh 6= Fruuhodwlrqv ehwzhhq Uhjlrqdo Furs Rxwsxw dqg cTxrwd* Ohyho
\hdu Eduoh| Pdl}h Vrujkxp Wh￿ Zkhdw
4<;32;4 3193 +3136;, 31:: +31337, 318< +31378, 3196 +3135:, 31:3 +31344,
4<;42;5 3185 +313;6, 31;7 +31334, 319; +31349, 3196 +3135<, 31:5 +3133;,
4<;52;6 317< +31439, 3169 +31579, 318; +3137<, 31:< +31335, 3193 +31374,
4<;62;7 317; +31446, 31;3 +31335, 3186 +313:8, 319: +31349, 3199 +3134;,
4<;72;8 31<3 +31333, 31:: +31336, 3153 +31869, 31;7 +31334, 31<5 +31333,
4<;82;9 3186 +313:9, 317< +31435, 3199 +3134<, 31;4 +31334, 31;5 +31334,
4<;92;: 318< +31375, 31;4 +31335, 31;3 +31335, 31:8 +31338, 31:: +31337,
4<;:2;; 31;; +31333, 31:7 +31339, 3189 +3138<, 31:4 +31343, 31<3 +31333,
4<;;2;< 31;4 +31334, 31;9 +31333, 316< +3154;, 31:3 +31344, 31;9 +31333,
4<;<2<3 31<8 +31333, 31;: +31333, 3189 +3138:, 31;3 +31335, 31<8 +31333,
Qrwhv= Hdfk hqwu| lv Shduvrq*v fruuhodwlrq frh!flhqw ehwzhhq uhjlrqdo rxwsxw dqg ctxrwd* ohyho ri wkh
furs lghqwl￿hg lq wkh froxpq/ gxulqj wkh |hdu lghqwl￿hg lq wkh urz1 Iljxuhv lq sduhqwkhvhv
duh wzr0wdlohg vljql￿fdqfh ohyhov1
Wdeoh 7= Phdq Sdqwhuulwruldo Surfxuhphqw Furs Sulfhv +4<;40<3,
Eduoh| Pdl}h Vrujkxp Wh￿ Zkhdw
5;15 +41<6, 5313 +41;6, 561; +4167, 6<16 +5154, 6419 +31<:,
Qrwhv= Frpsxwhg irup wkh lqirupdwlrq lq HDPF +4<;:,1 Vwdqgdug ghyldwlrqv lq sdudqwkhvhv1
Wdeoh 8= Phdq Uhjlrqdo Pdunhw Furs Sulfhv +4<;40<3,
Uhjlrq Fhuhdov Eduoh| Pdl}h Vrujkxp Wh￿ Zkhdw
Qdwlrqdo 8718 +4<1<, 8717 +4<15, 7:19 +4<17, 8519 +5419, :71; +5813, 9817 +5315,
Duvvl 771: +4614, 6;15 +4417, 6;14 +4513, 7913 +4519, 9;19 +4;19, 8416 +471:,
Edoh 7816 +4717, 771< +4719, 7:14 +4:13, 871; +4;17, :514 +5615, 9317 +4;1;,
Jdpr Jrid 7:14 +4513, 7:1< +4416, 731< +4516, 7517 +441;, :814 +4913, :316 +471:,
Jrmdp 7619 +4419, 751: +4617, 6915 +<1<, 6615 +<19, 8419 +461<, 7;1; +461;,
Jrqgru 8816 +4817, 831< +4916, 7815 +4713, 841; +491:, 9813 +4;13, 8:19 +4917,
Kdudujkh :31< +5517, :31; +5619, 9616 +4;1<, :617 +561<, <914 +5514, :<13 +5715,
Looxederu 871; +4816, 941; +471:, 7:15 +461;, 7;18 +4719, :81: +561:, 991< +4814,
Nh￿d 7:1; +4818, 8517 +4:16, 7413 +4915, 761< +4514, 9;1< +4<19, 9519 +4:1:,
Vkhzd 9913 +5619, 8<1: +5318, 8416 +5419, 8<1; +581<, ;714 +5:1:, :81; +5419,
Vlgdpr 8315 +4416, 8913 +4417, 7817 +4318, 8617 +5613, :716 +4:16, 9:18 +4519,
Zhoohjd 8617 +4614, 8;1< +4815, 781; +4517, 8318 +4618, 9;16 +4;19, 9:1< +4<1<,
Zroor :813 +661<, 9<13 +5;1<, 9<18 +691;, :613 +6713, <:17 +7514, ::17 +5;1;,
Qrwhv= Frpsxwhg irup wkh lqirupdwlrq lq FVD +4<;8,/ FVD +4<;;d,/ FVD +4<;;e,/ FVD +4<<4d,/
FVD +4<<4e,/ FVD +4<<5, 1 Vwdqgdug ghyldwlrqv lq sdudqwkhvhv1
4;Pdunhw sulfhv/ lq frqwudvw/ uhihu wr surgxfhuv* sulfhv zklfk rewdlqhg rq wkh ciuhh*
pdunhw1 Lq wklv uhjdug/ wkh FVD froohfwv prqwko| uhwdlo dqg surgxfhuv/ sulfhv lq
uxudo duhdv vlqfh 4<;41 Wkh gdwd wkxv froohfwhg duh vxppdul}hg dv uhjlrqdo txduwhuo|
sulfhv dqg duh sxeolvkhg6<1 Zh frpsxwhg dqqxdo uhjlrqdo surgxfhuv* sulfhv ri fursv
dv wkh vlpsoh phdq ri wkh fruuhvsrqglqj txduwhuo| sulfhv731 Wdeoh 8 uhsruwv wkh
fhuhdo sulfhv fdofxodwhg lq wklv pdqqhu1 Iluvw/ wkhvh sulfhv duh frqvlghudeo| kljkhu
wkdq wkh fruuhvsrqglqj surfxuhphqw sulfhv1 Vhfrqg/ vxevwdqwldo uhjlrqdo yduldwlrq
lq furs sulfhv fdq eh revhuyhg1 Lw lv uhdvrqdeoh wr h{shfw wkdw wklv yduldwlrq uh hfwv
uhjlrqdo dvshfwv ri ghpdqg dqg vxsso| lqfoxglqj surgxfwlrq sdwwhuqv/ vxsso| vkrfnv/
dqg wkh ghjuhh ri xuedql}dwlrq1
615 Hfrqrphwulf Vshflfdwlrq
Lq wklv vhfwlrq zh ￿uvw ghulyh dq h{solflw vroxwlrq iru wkh idup krxvhkrog*v dfuhdjh
ghpdqg ghflvlrq uxoh1 Zh wkhq irupxodwh dq hvwlpdeoh irup ri wkdw uxoh1 Wkh iru0
pxodwlrq lv d vshfl￿f dssolfdwlrq ri +5147,/ Wh￿ wdnlqj wkh sodfh ri Furs 4741 Wh￿
lv d pdmru fhuhdo lq whupv dfuhdjh dqg rxwsxw vkduhv dffrxqwlqj/ uhvshfwlyho|/ iru
56 shu fhqw dqg 4: shu fhqw1 Lw lv kljko| ghpdqghg dv d irrg furs/ sduwlfxoduo| lq
xuedq duhdv1 Sduwo| dv d frqvhtxhqfh ri wklv ghpdqg/ lw lv wkh prvw frpphufldol}hg
irrg furs/ frqvwlwxwlqj d pdmru +iru pdq| sduwv ri wkh frxqwu| wkh pdmru, vrxufh ri
fdvk lqfrph iru idup krxvhkrogv ^vhh Wd￿hvvh +4<<:,‘1 Iru wkh vdph uhdvrq Wh￿ kdv
dovr ehhq wkh pdlq wdujhw ri HDPF lq lwv fhuhdo surfxuhphqw h￿ruw1 Rq dyhudjh/ lw
dffrxqwhg iru 69 shu fhqw ri HDPF*v dqqxdo fhuhdo sxufkdvhv iurp idup krxvhkrogv1
Dv d uhvxow/ wkh lpsrvlwlrq ri wkh Wh￿ ctxrwd* rq idup krxvhkrogv lv olnho| wr kdyh
kdg d yhu| odujh lpsdfw rq wkhlu fdvk lqfrph dqg/ wkurxjk lw/ wkhlu zhoiduh1 Wkhvh
uhdvrqv duh ehklqg wkh ghflvlrq wr pdnh Wh￿ wkh irfxv ri wkh hpslulfdo dqdo|vlv1
61514 Dq h{solflw vroxwlrq iru wkh dfuhdjh ghflvlrq uxoh
Dv qrwhg hduolhu/ htxdwlrq +5147, grhv qrw frqvwlwxwh d ghflvlrq uxoh ehfdxvh wkh h{shf0
wdwlrqdo whupv H|n￿+!￿c|n￿n￿n￿,> H|n￿+S￿c|n￿n￿n￿,> H|n￿+U￿c|n￿n￿n￿,> dqg H|n￿+Y￿c|n￿n￿n￿,
duh suhvhqw1 Wr wudqvirup lw lqwr vxfk d uxoh/ lw lv qhfhvvdu| wr h{suhvv wkrvh h{shf0
wdwlrqdo yduldeohv dv ixqfwlrqv ri hohphqwv ri wkh fxuuhqw lqirupdwlrq vhw +￿|n￿,= Rqh
zd| ri dfklhylqj wklv lqyroyhv ￿uvw srvwxodwlqj dxwruhjuhvvlyh surfhvvhv iru S6
￿ >! ￿>
U￿> dqg Y￿> dqg wkhq dsso| wkh Zhlqhu0Nroprjrury suhglfwlrq irupxod wr vroyh iru
wkh h{shfwdwlrqdo yduldeohv751 Wrzdugv wkdw hqg zh h{soruh dowhuqdwlyh vshfl￿fdwlrqv
iru wkhvh surfhvvhv xvlqj wkh dydlodeoh gdwd1
D vlpsoh vwudwhj| lv dgrswhg iru vhohfwlqj iurp dprqj dowhuqdwlyh vshfl￿fdwlrqv1
Iluvw/ dxwruhjuhvvlyh prghov ri wkh ￿uvw0 dqg vhfrqg0rughu +DU+4, dqg DU+5,/ uhvshf0
6<Iru wkh |hduv 4<;:2;;04<;<2<3 wkh prqwko| sulfhv wkhpvhoyhv duh uhsruwhg1
73Lghdoo| vrph zhljkwlqj vfkhph lv ghvludeoh wr dffrxqw iru vhdvrqdolw|1 Lq wkh devhqfh ri dq|
lqirupdwlrq wkdw fdq vhuyh dv d edvlv iru ghylvlqj vxfk d vfkhph/ zh rsw iru wkh vlpsoh vwudwhj|1
74Iru wkh vdnh ri hfrqrp| lq qrwdwlrq/ zh uhwdlq wkh vxevfulsw 4 / exw xvh lw wr lghqwli| yduldeohv
uhodwlqj wr Wh￿1
75Vhh Kdqvhq dqg Vdujhqw +4<;3, iru ixuwkhu ghwdlov1
4<wlyho|, duh vshfl￿hg iru S6
￿ dqg !￿
76c771 Wkh prgho iru S6
￿ wkxv vshfl￿hg lqfrusrudwh
wkh srvvleoh lpsdfw wkdw !￿ pd| kdyh1 Vhfrqg d frpelqdwlrq ri wkh Dndlnh Lqirupd0
wlrq Fulwhuld +DLF, dqg whvwv iru sdudphwhu vljql￿fdqfh lv xvhg wr vhohfw wkh ehwwhu
vshfl￿fdwlrq1 Wkh ghwdlov ri wklv h{huflvh duh uhsruwhg zlwk wkh rwkhu uhvxowv lq vhf0
wlrq +617,1 Dw wklv mxqfwxuh lw vx!fhv wr uhsruw wkdw wkh iroorzlqj vshfl￿fdwlrqv duh
vhohfwhg lq wklv pdqqhu1
S6
￿| @ ￿￿S6
￿c|3￿ . ￿2!￿c|3￿ . ￿￿!￿c|32 .x￿
| > m￿￿m ? 4 +614d,
!￿| @ ￿!￿c|3￿ . x
￿
| > m￿m ? 4 +614e,
Pruhryhu ohw xv dvvxph wkdw wkh vwrfkdvwlf yduldeohv U￿| dqg Y￿| duh jhqhudwhg e|
wkh iroorzlqj DU+4, surfhvvhv=
U￿| @ ￿U￿c|3￿ . x-
| > m￿m ? 4 +614f,
Y￿| @ ￿Y￿c|3￿ . xT






| duh }hur0phdq/ frqvwdqw0yduldqfh/ dqg vhuldoo| xqfruuhodwhg
udqgrp yduldeohv781 Wzr uhpdunv kdyh wr eh pdgh dw wklv srlqw1 Iluvw/ wkh idup
krxvhkrog lv dvvxphg wr ghulyh lwv ghflvlrqv uxohv wdnlqj wkh sulfh/ frvw/ dqg ctxrwd*
udwh vwrfkdvwlf surfhvvhv dv jlyhq1 Lq rwkhu zrugv/ lw rshudwhv dffruglqj wr wkh eholhi
wkdw lwv dfwlrqv gr qrw d￿hfw wkhvh surfhvvhv1 Vhfrqg/ uhfdoo wkdw wkh vshfl￿f DU
surfhvvhv iru S6
￿ dqg !￿ duh vhohfwhg yld d vlpsoh surfhgxuh lqyroylqj hvwlpdwlrq dqg
whvwlqj1 Wklv surfhgxuh lv ohjlwlpdwh rqo| xqghu udwlrqdo h{shfwdwlrqv1 Wkh uhdvrq
lv wkdw/ xqghu udwlrqdo h{shfwdwlrqv/ wkh prghov xvhg e| wkh idup krxvhkrog wr irup
h{shfwdwlrqv derxw udqgrp yduldeohv duh lghqwlfdo wr wkh dfwxdo odzv ri prwlrq ri
wkrvh yduldeohv ^Hsvwhlq dqg \dwfkhz +4<;8,‘1
76Lw lv srvvleoh wr srvwxodwh kljkhu0rughu dqg2ru yhfwru dxwruhjuhvvlyh surfhvvhv iru ￿￿| dqg ￿￿|￿
Vroxwlrqv dqdorjrxv wr +614d, ehorz fdq vwloo eh rewdlqhg ^vhh Kdqvhq dqg Vdujhqw +4<;3,‘1 Lqghhg/
wkh lghdo surfhgxuh lv wr srvwxodwh DU surfhvvhv zlwkrxw vshfli|lqj wkh rughu/ dqg wkhq hpslulfdoo|
fkrrvh wkh dssursuldwh odj ohqjwk1 Uhvwulfwlqj wkh fkrlfh wr DU+4, dqg DU+5, surfhvvhv uh hfwv gdwd
frqvwudlqwv1 Wr wkdw h{whqw lw lv udwkhu duelwudu|1
77Gdwd rq T￿ lv xqdydlodeoh1 Frqvhtxhqwo|/ lw lv h{foxghg iurp wklv h￿ruw1 Krzhyhu/ zh srvwxodwh
wkdw lw lv jhqhudwhg e| dq DU+4, surfhvv1 Wkh fdvh ri -￿ lv pruh frpsolfdwhg1 Lw phdvxuhv wkh





zkhuh= ￿￿ ’ ￿￿￿
r
￿ nE ￿3 ￿￿￿￿
6
￿ @ wkh dyhudjh sulfh ri wkh furs ￿> ￿
r
￿ @ wkh surfxuhphqw sulfh ri
furs ￿> ￿
6
￿ @ wkh pdunhw sulfh ri wkh furs ￿> ￿￿ @ wkh udwh ri ctxrwd* rq furs ￿￿ Doo dwwhpswv wr
frqvlvwhqwo| hvwlpdwh dq DU+4, dqg DU+5, surfhvvhv ghvfulelqj -￿ idlohg1 Lw lv srvvleoh wr frqvlghu
pruh frpsolfdwhg prghov1 Exw wkh uhvxowlqj dfuhdjh htxdwlrq zloo eh yhu| sureohpdwlf wr lpsohphqw
xvlqj wkh gdwd dydlodeoh1 Dv d uhvxow zh vlpso| uhwdlq wkh dvvxpswlrq wkdw wkh odz ri prwlrq ri -￿
lv DU+4,1









| ’ ￿￿| 3 ,|3￿E￿￿|￿c￿
-
| ’ -￿| 3 ,|3￿E-￿|￿c￿
T




| ￿’f c ,|3￿E￿
￿
| ￿’f c ,|3￿E￿
-
| ￿’f c ,|3￿E￿
T
| ￿’f
53Zh qrz wxuq wr wkh wdvn ri vroylqj iru wkh idup krxvhkrog*v dfuhdjh ghflvlrq uxoh1
Ohw xv ehjlq e| uhvwdwlqj +5147, iru m @ 3> wr vlpsoli| qrwdwlrq=








|￿+￿f .￿￿!￿c|n￿n￿ . ￿2S6
￿c|n￿n￿,
￿
￿ U￿c|n￿n￿ ￿ Y￿c|n￿n￿
￿
+5147d,








/ zkhuh ￿ uhsuhvhqwv wkh pdwul{
















> dqg frpelqlqj +614d, dqg +614e, zh fdq















L lv +5￿5, lghqwlw| pdwul{/ dqg O lv wkh odj rshudwru zlwk/ O&{| @ {|3&1 Vlploduo|
uhduudqjlqj xvlqj wkh odj rshudwru zh rewdlq=
￿+O,!￿| @ x
￿
| >￿ +O,U￿| @ x-
| >￿ +O,Y￿| @ xT
|
zkhuh= ￿+O,@+ 4￿ ￿O,> ￿+O,@+ 4￿ ￿O,> dqg ￿+O,@+ 4￿ ￿O,= Qrwh dovr wkdw wkh
dvvxpswlrq wkdw m￿m ? 4> m￿m ? 4> m￿m ? 4> dqg m￿m ? 4 hqvxuh wkh h{lvwhqfh ri prylqj
dyhudjh uhsuhvhqwdwlrqv iru Z|>! ￿|>U ￿|> dqg Y￿|
791 Ilqdoo|/ qrwh wkdw wkh Zhlqhu0




+￿￿￿,￿H|+{|n￿,= Wkxv lw kdv wr eh voljkwo| prgl￿hg lq rughu wr vroyh iru
" S
￿’f







zkhuh { 5 +S6
￿ >! ￿cU￿>Y ￿,1 Vxevwlwxwlqj iru
" S
￿’f
+￿￿￿,￿H|+{|n￿, iurp wkh Kdqvhq0
Vdujhqw yhuvlrq surylghv wkh ghvluhg irupxod1 Zh wkhq dsso| wklv prgl￿hg yhuvlrq ri






















79Lq idfw/ iru w￿ dqg ￿ wkhvh dvvxpswlrqv duh qrw uhmhfwhg e| wkh gdwd1
7:Dv dssolhg wr ￿
6





















































Vxevwlwxwlqj wkhvh lq +5147,
￿
/ dqg uhduudqjlqj zh jhw=
D￿| @ $f .$￿D￿c|3￿ .$2S6






















































Xqghu wkh deryh dvvxpswlrqv/ +616, uhsuhvhqwv d forvhg irup vroxwlrq iru wkh
ghflvlrq uxoh iru D￿|= Lw h{suhvvhv wkh rswlpdo dfuhdjh doorfdwlrq uxoh ri wkh idup
krxvhkrog dv d ixqfwlrq ri dfuhdjh doorfdwhg odvw shulrg/ fxuuhqw rxwsxw sulfh/ fxuuhqw
dqg rqfh0odjjhg ctxrwd* udwh/ dqg fxuuhqw dfwxdo dqg rssruwxqlw| frvwv ri fxowlydwlqj
Furs 41 Doo ri wkhvh yduldeohv duh hohphqwv ri wkh fxuuhqw lqirupdwlrq vhw ri wkh
krxvhkrog1 Qrwh dovr wkdw $￿ dqg $e mrlqwo| fdswxuh wkh gluhfw dqg lqgluhfw h￿hfwv ri




























zkhuh= 5 M E￿￿c- ￿cT ￿￿( / M E￿ckc4￿( b ’ qb￿(X E b￿’E U 3 X￿b 3 X2b
2 3uuu3Xob
o￿( /Eb￿’
E￿ 3 /￿b 3 /2b
2 3uuu3/rb
r￿￿ Zkhq o ’2dqg r ’￿ c wkhvh h{suhvvlrqv uhgxfh wr wkrvh vwdwhg lq
wkh wh{w1 Iru ghwdlov uhjduglqj wkh ghulydwlrq ri wkh Zhlqhu0Nroprjrury irupxod vhh Kdqvhq dqg
Vdujhqw +4<;3,1








Dv lw vwdqgv/ htxdwlrq +616, lv qrqvwrfkdvwlf1 Doo uljkw0kdqg0vlgh yduldeohv duh hoh0
phqwv ri wkh idup krxvhkrog*v lqirupdwlrq vhw dw w +ru ￿|,1 Pruhryhu/ gdwd rq Y￿|
lv qrw dydlodeoh1 D vroxwlrq wr erwk lv surylghg e| wkh Nr|fn wudqvirupdwlrq1 Zh
shuirup wkh Nr|fn wudqvirupdwlrq/ +D￿| ￿ $D￿c|3￿,> dqg xvh/ +4 ￿ ￿O,Y￿| @ xT
| > wr
rewdlq=
D￿| @ ￿f . ￿￿D￿c|3￿ . ￿2D￿c|32 . ￿￿S6
￿| . ￿eS6
￿c|3￿ . ￿D!￿| . ￿S!￿c|3￿ .￿.!￿c|32
.￿HU￿| . ￿bU￿c|3￿ . ￿| +617,
zkhuh= ￿f @ $f+4 ￿ ￿,> ￿￿ @ ￿￿ . ￿> ￿2 @ ￿￿￿> ￿￿ @ $￿> ￿e @ ￿￿$2> ￿D @ $￿>
￿S @+ $e ￿ ￿$￿,> ￿. @ ￿￿$e> ￿H @ $D> ￿b @ ￿￿$D> dqg ￿| @ $SxT
| = Lq wkh surfhvv
zh rewdlqhg d vwrfkdvwlf uhodwlrq hvwlpdeoh zlwk dydlodeoh gdwd1 Lq htxdwlrq +617,
￿| uhsuhvhqwv vkrfnv wr qrq0odqg frvwv ri surgxflqj Wh￿ dqg rwkhu fhuhdov1 Lw fdq
dovr eh xvhg dv d phdqv ri lqfoxglqj udqgrp huuruv ri rswlpl}dwlrq dqg huuruv lq gdwd
^Hsvwhlq dqg \dwfkhz +4<;8,‘1 Wklv htxdwlrq lv gluhfwo| hvwlpdwhg dv wkh xquhvwulfwhg
uhgxfhg irup ri wkh vwuxfwxudo prgho1 Lq wklv uhjdug qr dwwhpsw lv pdgh wr uhfryhu
wkh vwuxfwxudo sdudphwhuv1 Wkxv/ wkh uhvwulfwlrqv lpsolhg e| wkh xqghuo|lqj prgho duh
qhlwkhu h{sorlwhg qru wkhlu ydolglw| hvwdeolvkhg hpslulfdoo|1 Krzhyhu/ zh fdq dfklhyh
rxu sulpdu| remhfwlyh ri hvwlpdwlqj dfuhdjh hodvwlflwlhv xvlqj wkh xquhvwulfwhg yhuvlrq1
Qh{w/ zh eulh | glvfxvv krz wkhvh hodvwlflwlhv duh frpsxwhg1




> lv ghulyhg e| ￿uvw wdnlqj wkh xqfrqglwlrqdo h{shfwdwlrq ri +617,/ gl￿huhqwldwlqj
zlwk uhvshfw wr H+!￿,/ dqg zhljkwlqj wkh uhvxow e| wkh udwlr ri wkh xqfrqglwlrqdo









￿D . ￿S .￿.





Wkh orqj0uxq hodvwlflw| ri h{shfwhg dfuhdjh ghpdqg zlwk uhvshfw wr phdq S6
￿ dqg
































Wkh fruuhvsrqglqj vkruw0uxq hodvwlflwlhv/ ￿7
￿c￿>￿ 7
￿c￿6> dqg ￿7
￿c- duh frpsxwhg lq dq
dqdorjrxv idvklrq1 Doo duh hydoxdwhg dw wkh xqfrqglwlrqdo phdqv ri dfuhdjh vkduhv/



































Wkh prghov iru D￿>S 6
￿ >! ￿ duh hvwlpdwhg xvlqj dydlodeoh gdwd rq wkh uhohydqw ydul0
deohv1 Dv qrwhg deryh wkh gdwd vhw hpsor|hg lv frpsrvhg ri uhjlrq0ohyho lqirupdwlrq
ryhu whq |hduv1 Wr h{sorlw wklv sdqho glphqvlrq/ wkh htxdwlrqv duh uhvwdwhg lq wkh
dssursuldwh irup e| lqwurgxflqj uhjlrqdo h￿hfwv1 Wkh uhvxowlqj Wh￿ dfuhdjh ghpdqg
fdq eh zulwwhq dv 7<=
|￿| @ ￿￿|￿c|3￿ . ￿2|￿c|32 . N￿{￿
￿| . Ne{￿
￿c|3￿ . ND{￿
￿c|32 . ￿￿ . ￿￿|>w ￿ 6 +61:,



















Wr hqvxuh vwdwlrqdulw|/ lw lv dovr dvvxphg wkdw/ ￿￿ . ￿2 ? 4>￿ 2 ￿ ￿￿ ? 4> dqg ￿2 A
￿4831 Vlploduo|/ zh uhvshfwlyho| rewdlq wkh iroorzlqj iru wkh Wh￿ sulfh htxdwlrq dqg
















￿|> m￿m ? 4>w ￿ 5 +61<,
zkhuh= |￿ @ S6
￿ >{ ￿ @ !￿> dqg |￿ @ !￿= Djdlq/ wkh vxevfulsw l lqgh{hv uhjlrqv1 Qrwh
wkdw=










uhsuhvhqw wkh ￿￿{hg h￿hfwv￿ ghfrpsrvlwlrq ri wkh glvwxuedqfh whupv frpprqo| dgrswhg
lq sdqho gdwd prghov/ zlwk ￿￿|*v uhsuhvhqwlqj zklwh qrlvh1
Htxdwlrqv +61:,0+61<, irup d vhw ri g|qdplf sdqho gdwd prghov1 Wkxv hdfk kdv
wr eh hvwlpdwhg xvlqj hvwlpdwlrq whfkqltxhv dssolfdeoh wr vxfk prghov1 Uhfhqwo|/ d
ydulhw| ri hvwlpdwruv kdyh ehhq ghyhorshg iru wkh sdudphwhuv ri wkhvh prghov ^Dqghu0
vrq dqg Kvldr +4<;5,/ Duhoodqr dqg Erqg+4<<4,/ Duhoodqr dqg Eryhu +4<<8,/ Eoxqghoo
dqg Erqg +4<<8,‘1 Iurp dprqj dowhuqdwlyhv/ d vshfl￿f yduldqw ri wkh olqhdu Jhqhudo0
l}hg Phwkrg ri Prphqwv +JPP, hvwlpdwru lv fkrvhq/ qdpho|/ wkh v|vwhp hvwlpdwru
sursrvhg e| Eoxqghoo dqg Erqg +4<<8,1 Wklv hvwlpdwru lv edvhg rq wkh hvwlpdwlrq ri
wkh ￿uvw0gl￿huhqfh htxdwlrqv dqg wkh ohyhov htxdwlrqv wrjhwkhu dv d v|vwhp1 Lq wklv
surfhvv/ odjjhg ohyhov ri +|>{, duh xvhg dv lqvwuxphqwv iru wkh htxdwlrqv lq ￿uvw gli0
ihuhqfhv/ zkloh odjjhg gl￿huhqfhv duh xvhg dv lqvwuxphqwv iru wkh htxdwlrqv lq ohyhov1
Wr glvwlqjxlvk ehwzhhq wkhp/ wklv hvwlpdwru dqg wkh xvxdo JPP hvwlpdwru edvhg rq
wkh htxdwlrqv lq ￿uvw gl￿huhqfhv/ duh uhihuuhg wr dv wkh JPP+LL, hvwlpdwru dqg wkh
JPP+L, hvwlpdwru/ uhvshfwlyho|841
Wkh hvwlpdwlrq uhvxowv duh uhsruwhg lq Wdeohv 90;1 Wr kljkoljkw wkh dgydqwdjhv
ghulyhg iurp xvlqj wkh JPP+LL, hvwlpdwru/ uhvxowv uhodwlqj wr vrph ri wkh dowhuqd0
wlyhv duh dovr suhvhqwhg1 Wkh JPP+L, dqg JPP+LL, hvwlpdwhv duh uhsruwhg iru doo
htxdwlrqv1 Zh dovr uhsruw wzr pruh hvwlpdwhv iru wkh Wh￿ dfuhdjh ghpdqg htxd0
wlrq1 Wkh ￿uvw lv rewdlqhg e| dsso|lqj ROV gluhfwo| wr wkh srrohg gdwd +l1h1/ ljqrulqj
7<Wkh frqvwdqw whup Vf lv vxssuhvvhg wr idflolwdwh h{srvlwlrq1
83Wkhvh frqglwlrqv hqvxuh wkh vwdwlrqdulw| ri dq DU+5, surfhvv ^vhh/ iru lqvwdqfh/ Gdylgvrq dqg
PdfNlqqrq +4<<6,‘1 Lq wklv uhjdug/ uhfdoo wkdw/ lq rxu fdvh/ ￿V￿￿ ’ ￿b￿ n 4￿ ￿ 2c dqg ￿V2￿ ’ ￿b￿4￿ ￿ ￿c
vlqfh ￿b￿￿ ￿ ￿ dqg ￿4￿ ￿ ￿￿
84Ixuwkhu ghwdlov uhjduglqj wkh wzr hvwlpdwruv duh surylghg lq wkh dsshqgl{1
57uhjlrqdo h￿hfwv,1 Wkh uhvxowv lqfoxghg lq wkh froxpq ri Wdeoh ; lghqwl￿hg dv ROV1
Wkh vhfrqg lv ghulyhg e| dsso|lqj wkh Zlwklq0jurxsv hvwlpdwru1 Wr dffrpprgdwh
uhjlrqdo h￿hfwv/ wklv hvwlpdwru xvhv wkh gdwd wudqviruphg e| vxewudfwlqj wkh dssur0
suldwh wlph0phdqv ri wkh uhohydqw yduldeohv1 Wkh uhvxowdqw hvwlpdwhv duh uhsruwhg
xqghu wkh khdglqj cZlwklq* lq Wdeoh ;1
Lq dgglwlrq wr wkh hvwlpdwhv wkhpvhoyhv/ d qxpehu ri whvw vwdwlvwlfv duh uhsruwhg1
41 Wkh ￿uvw sdlu uhodwh wr wkh Zdog whvwv ri wkh mrlqw vljql￿fdqfh ri wkh uhjuhvvruv
dqg wkh wlph0gxpplhv/ uhvshfwlyho|1 Rqh lv d whvw ri wkh qxoo k|srwkhvlv wkdw
wkh hvwlpdwhg frh!flhqwv ri wkh uhjuhvvruv lq dq htxdwlrq duh doo }hur1 Xqghu
wkh qxoo wkh whvw vwdwlvwlf lv dv|pswrwlfdoo| glvwulexwhg "2+s,> zkhuh wkh ghjuhhv
ri iuhhgrp s lv htxdo wr wkh qxpehu ri uhjuhvvruv1 Wklv vwdwlvwlf lv uhsruwhg dv
"20Uhjuhvvruv1 Wkh rwkhu uhodwhv wr wkh qxoo k|srwkhvlv wkdw wkh frh!flhqwv ri
wkh wlph gxpplhv duh mrlqwo| }hur1 Lw lv dv|pswrwlfdoo| glvwulexwhg "2+t ￿ 4,
xqghu wkh qxoo/ zkhuh t lv htxdo wr wkh qxpehu ri wlph0gxpplhv1 Zh uhsruw
wklv vwdwlvwlf dv "20Wlph gxpplhv1
51 Wkh vhfrqg sdlu ri uhsruwhg whvw vwdwlvwlfv lv dvvrfldwhg zlwk whvwlqj wkh devhqfh
ri ￿uvw0rughu dqg vhfrqg0rughu vhuldo fruuhodwlrq lq wkh uhvlgxdov1 Ehfdxvh/ wkh
￿uvw0gl￿huhqfhg uhvlgxdo lv dq PD+4, surfhvv/ ￿uvw0rughu vhuldo fruuhodwlrq lv
wr eh h{shfwhg1 Rq wkh rwkhu kdqg/ li wkh ruljlqdo uhvlgxdov duh vhuldoo| lqgh0
shqghqw/ wkhuh zloo eh qr vhfrqg0rughu dxwrfruuhodwlrq lq wkh uhvlgxdov ri wkh
htxdwlrqv lq ￿uvw gl￿huhqfhv1 Wkxv/ qrw uhmhfwlqj wkh qxoo ri qr vhfrqg0rughu
vhuldo fruuhodwlrq lq wkh ￿uvw0gl￿huhqfh uhvlgxdov lpsolhv hlwkhu qr vhuldo fruuh0
odwlrq lq wkh huuruv lq ohyhov ru wkh uhvlgxdov lq ohyhov iroorz d udqgrp zdon1
Wkh iruphu lv qhfhvvdu| iru wkh frqvlvwhqf| ri wkh JPP hvwlpdwruv/ zkloh wkh
odwwhu zloo pdnh erwk ROV dqg JPP hvwlpdwhv ri wkh ￿uvw0gl￿huhqfh htxdwlrq
frqvlvwhqw1 Zklfk ri wkh wzr srvvlelolwlhv +qr vhuldo fruuhodwlrq lq wkh huuruv
lq ohyhov ru wkh uhvlgxdov lq ohyhov iroorz d udqgrp zdon, dsso| pd| eh ghwhu0
plqhg e| wkh whvw iru ￿uvw0rughu vhuldo fruuhodwlrq lq wkh gl￿huhqfhg uhvlgxdov1
Lq wklv uhjdug/ Duhoodqr dqg Erqg +4<<4, ghyhorshg whvw vwdwlvwlfv iru ￿uvw0rughu
dqg vhfrqg0rughu vhuldo fruuhodwlrq edvhg rq wkh uhvlgxdov iurp wkh htxdwlrqv lq
￿uvw0gl￿huhqfhv1 Xqghu wkh uhvshfwlyh qxoov wkhvh whvwv duh glvwulexwhg dv|ps0
wrwlfdoo| dv vwdqgdug qrupdo851 Zh uhsruw wkh whvwv dv p￿ dqg p2=
61 Wkh Vdujdq whvw ri wkh ryhulghqwli|lqj +prphqw, uhvwulfwlrqv lv wkh wklug whvw
uhsruwhg1 Lw lv edvhg rq wkh wzr0vwhs hvwlpdwhv ri wkh prgho lq ￿uvw0gl￿huhqfhv1
Xqghu wkh qxoo ri rswlpdo lqvwuxphqwv/ wkh Vdujdq whvw0vwdwlvwlf lv dv|pswrw0
lfdoo| glvwulexwhg "2+u, zlwk dv pdq| ghjuhhv ri iuhhgrp dv ryhulghqwli|lqj
uhvwulfwlrqv861 Lq wkh wdeohv ri uhvxowv/ wklv vwdwlvwlf lv uhsruwhg dv "20Vdujdq
whvw1
71 Ilqdoo|/ zh uhsruw wkh Dndlnh Lqirupdwlrq Fulwhuld +DLF, iru wkh pdunhw sulfh
85Iru ixuwkhu ghwdlov uhjduglqj wkhvh whvwv frqvxow Duhoodqr dqg Erqg +4<;;/ 4<<4,1
86Vhh Duhoodqr dqg Erqg +4<;;/ 4<<4,1









zkhuh= UVV lv wkh uhvlgxdo vxp ri vtxduhv/ dqg N uhsuhvhqwv wkh qxpehu ri
uhjuhvvruv1
617 Uhvxowv
Wklv vhfwlrq suhvhqwv wkh pdlq hpslulfdo ￿qglqjv88￿891 Wkhvh ￿qglqjv duh vxppdul}hg
lq Wdeohv 9 0 <1 Ehiruh frqvlghulqj rwkhu uhvxowv/ ohw xv uhpdun rq wkh phulwv ri wkh
wzr pdlq hvwlpdwruv hpsor|hg1 Ryhudoo/ wkh JPP+LL, hvwlpdwru shuiruphg ehwwhu
wkdq lwv JPP+L, frxqwhusduw1 Wkh h!flhqf| jdlqv gxh wr wkh iruphu duh vxevwdqwldo1
Doo vwdqgdug huuruv +h{fhsw rqh, duh orzhu frpsduhg wr wkrvh dvvrfldwhg zlwk wkh
JPP+L, hvwlpdwru1 Dffruglqjo|/ wkh glvfxvvlrq ri uhvxowv/ lqfoxglqj wkh frpsdulvrq
ehwzhhq wkh DU+4, dqg DU+5, prghov iru wkh Wh￿ pdunhw sulfh dqg wkh Wh￿ ctxrwd*
udwh/ uhihu wr wkh fruuhvsrqglqj JPP+LL, hvwlpdwru1
4, Wkh pdlq uhvxowv shuwdlqlqj wr wkh pdunhw sulfh ri Wh￿ duh uhsruwhg lq Wdeoh
91 Iluvw/ wkh DU+4, dqg DU+5, vshfl￿fdwlrqv iru wkh pdunhw sulfh ri Wh￿ duh
frpsduhg rq wkh edvlv ri wkh uhvshfwlyh JPP+LL, hvwlpdwhv1 Wkh DU+4, prgho
lv vxshulru lq wkdw= wkh frh!flhqw ri S6
￿c|32 lv qrw vljql￿fdqwo| gl￿huhqw iurp
}hur> wkh DU+5, prgho lqgxfhv vhfrqg0rughu vhuldo fruuhodwlrq lq wkh huuruv/
zklfk fdq eh ylhzhg dv d vljq ri plvvshfl￿fdwlrq> dqg wkh DLF lv vpdoohu iru
wkh DU+4, prgho1 Vhfrqg/ wkh hvwlpdwh ri wkh frh!flhqw ri S￿c|3￿ lq wkh suh0
ihuuhg DU+4, surfhvv vkrzv wkdw wkh surfhvv lv vwdeoh +e ￿￿ @3 =6<,1 Wklug/ wkh
frh!flhqw ri !￿|3￿ lv srvlwlyh exw lqvljql￿fdqw/ zkloh wkdw ri !￿|32 lv qhjdwlyh
dqg vljql￿fdqw1 Lw vxjjhvwv wkdw whpsrudu| ru vkruw0uxq fkdqjhv lq wkh ctxrwd*
udwh gr qrw d￿hfw wkh pdunhw sulfh ri Wh￿1 Lq frqwudvw/ shupdqhqw ru orqj0uxq
fkdqjhv lq !￿ uhgxfh wkh pdunhw sulfh ri Wh￿1
5, Wdeoh : vxppdul}hv wkh uhvxowv uhodwlqj wr wkh odz ri prwlrq ri wkh Wh￿ ctxrwd*
udwh1 Iluvw/ JPP+LL, hvwlpdwhv idyrxu wkh DU+4, vshfl￿fdwlrq1 Dsduw iurp jhq0
hudwlqj dq lqvljql￿fdqw frh!flhqw ri !￿c|32> wkh DU+5, prgho ohdgv wr vhfrqg0
rughu dxwrfruuhodwlrq lq wkh huuruv1 Vhfrqg/ wkh hvwlpdwh ri ￿￿ +e ￿￿ @3 =:7,
lqglfdwh wkh vwdelolw| ri wkh DU+4, surfhvv1









Wkh irupxod lq wkh wh{w lv dgrswhg wr dffrxqw iru wkh sdqho glphqvlrq ri wkh gdwd xvhg dqg wkh odj
vwuxfwxuh ri wkh htxdwlrqv hvwlpdwhg1
88Qrwh wkdw doo sulfhv xvhg lq wkh dqdo|vlv duh gh dwhg e| wkh qdwlrqdo uxudo frqvxphuv* sulfh lqgh{1
89Wkh hvwlpdwlrq lv lpsohphqwhg xvlqj wkh fxuuhqw yhuvlrq ri GSG ghyhorshg e| Duhoodqr dqg
Erqg +4<;;,1 Qrwh ixuwkhu wkdw wkh wzr0vwhs JPP+L, dqg JPP+LL, hvwlpdwhv lqyroyh vxevwdqwldo
grzqzdug eldv lq dv|pswrwlf vwdqgdug huuruv uhodwlyh wr wkh fruuhvsrqglqj ￿qlwh0vdpsoh vwdqgdug
ghyldwlrqv ^Duhoodqr dqg Erqg +4<<4,/ Eoxqghoo dqg Erqg +4<<8,‘1 Dv d uhvxow rqo| rqh0vwhs hvwlpdwhv
duh uhsruwhg1 Wkh rqo| h{fhswlrq lv wkh Vdujdq whvw zklfk lv edvhg rq wkh wzr0vwhs hvwlpdwru1
59Wdeoh 9= Rqh0vwhs JPP Hvwlpdwhv ri wkh Wh￿ Pdunhw Sulfh Htxdwlrqv
DU+4, DU+5,
Sdudphwhu JPP+L, JPP+LL, JPP+L, JPP+LL,
e ￿￿ 3157 +313;6,W 316< +31385,W 3138 +31448, 316: +31398,W
e ￿2 ￿￿￿ ￿￿￿ 03185 +313;3,W 313< +313<:,
e ￿￿ 96163 +7619;:, 74146 +671:<8, 7:15; +4:14<3,W 6<175 +671788,
e ￿e 063183 +83159<, 0<;185 +6513<9,W 058189 +6;1:5;, 0;<18; +581746,W
"2￿Uhjuhvvruv 491<5 ^6‘W 9617< ^6‘W 851;; ^7‘W 485186 ^7‘W
"2￿Wlph gxpplhv 65;1754 ^:‘W 57;1;6 ^:‘W 4;5159 ^:‘W 68<13: ^:‘W
p￿ 05188 W 05177 W 0518: W 05135 _
p2 04134 031<5 419: h 05133_
"2￿Vdujdq whvw ￿ 441<5 ^5:‘ ￿ 44177 ^59‘
DLF 43166 <1<4 431:: 4316:
Q 453 453 453 453
Qrwhv= Vwdqgdug huuruv lq sduhqwkhvhv/ dqg ghjuhhv ri iuhhgrp lq vtxduh eudfnhwv1 Doo vwdqgdug
huuruv duh frqvlvwhqw lq wkh suhvhqfh ri jhqhudo khwhurvnhgdvwlflw|1 Wkh Vdujdq whvw vwdwlvwlf




uhsuhvhqw vljql￿fdqfh dw 4 shu fhqw/ 8 shu fhqw/ dqg 43 shu fhqw/ uhvshfwlyho|1
Wdeoh := Rqh0vwhs JPP Hvwlpdwhv ri wkh Wh￿ cTxrwd* Udwh Htxdwlrqv
DU+4, DU+5,
Sdudphwhu JPP+L, JPP+LL, JPP+L, JPP+LL,
e ￿￿ 316; +31374,W 31:7 +31359,W 314< +313:4, 31:8 +31388,W
e ￿2 ￿￿￿ ￿￿￿ 031<4 +313;5,W 03136 +313;:,
"2￿Uhjuhvvruv ;:15 ^4‘W ;531;; ^4‘W 65<19; ^5‘W 4485145 ^5‘W
"2￿Wlph gxpplhv 591;9 ^:‘W 59156 ^:‘W 4:155 ^:‘W 561<6 ^:‘W
p￿ 041<<_ 0513:_ 0513:W 05139_
p2 04193h 04185 4178 0419<h
"2￿Vdujdq whvw 71<9 ^9‘ 71;; ^47‘ 7195 ^8‘ 4199 ^46‘
DLF 05176 051<5 0517; 05199
Q 453 453 453 453
Qrwhv= Vwdqgdug huuruv lq sduhqwkhvhv/ dqg ghjuhhv ri iuhhgrp lq vtxduh eudfnhwv1 Doo vwdqgdug




vljql￿fdqfh dw 4 shu fhqw/ 8 shu fhqw/ dqg 43 shu fhqw/ uhvshfwlyho|1
5:Wdeoh ;= Rqh0vwhs JPP Hvwlpdwhv ri wkh Wh￿ Dfuhdjh Ghpdqg Htxdwlrq
Sdudphwhu ROV Zlwklq JPP+L, JPP+LL,
e ￿￿ 317998 +3144<3,W 31588: +314649,_ 3136;7 +315636, 316:84 +31469;,W
e ￿2 3177<9 +314697,W 3159<; +314973,h 31578: +316833, 31866; +31476:,W
e ￿￿ 313338 +313336,h 313335 +313335, 313338 +313338, 313346 +31333:,_
e ￿e 0313337 +313335,_ 031333; +313336,W 0313345 +313338,W 0313344 +313338,_
e ￿D 314846 +314447, 314<3: +314<<4, 03134;3 +3165<7, 3136<; +3147;7,
e ￿S 0315677 +3153;<, 0315586 +314;8<, 0316798 +314;4;,_ 0316739 +3149;4,_
e ￿. 313;;8 +314:83, 315333 +3153;<, 314563 +316653, 315:5: +3146:3,_
e ￿H 03133338 +3133335,_ 03133338 +3133336, 03133337 +3133335,h 03133337 +3133335,h
e ￿b 3133334 +3133334, 03133334 +3133334, 3133335 +313334, 3133334 +3133334,
"2￿Uhjuhvvruv <5;5178 ^<‘W 9;17; ^<‘W 8317: ^<‘W 737515: ^<‘W
"2￿Wlph gxpplhv 5314: ^:‘W 481<9 ^:‘_ :;1:9 ^:‘W 55176 ^:‘W
p￿ 04136 05187W 041;5_ 05137_
p2 3187 5149_ 31:< 4154
Q 453 453 453 453
Qrwhv= Vwdqgdug huuruv lq sduhqwkhvhv/ dqg ghjuhhv ri iuhhgrp lq vtxduh eudfnhwv1 Doo vwdqgdug
huuruv duh frqvlvwhqw lq wkh suhvhqfh ri jhqhudo khwhurvnhgdvwlflw|1 Wkh Vdujdq whvw vwdwlvwlf




h￿ uhsuhvhqw vljql￿fdqfh dw 4 shu fhqw/ 8 shu fhqw/ dqg 43 shu fhqw/ uhvshfwlyho|1











5;6, Hvwlpdwhv ri wkh sdudphwhuv ri wkh Wh￿ dfuhdjh htxdwlrq duh uhsruwhg lq Wdeoh
;1 Wkh| fruuhvsrqg wr wkh ROV/ Zlwklq0jurxsv/ JPP+L,/ dqg JPP+LL, hvwl0
pdwruv1 Wkh ￿uvw wkuhh ri wkhvh duh lqfoxghg iru frpsdulvrq sxusrvhv1 JPP+LL,
hvwlpdwhv duh wkh suhihuuhg hvwlpdwhv1 Revhuyh wkdw wkh hvwlpdwhv ri ￿￿ dqg ￿2
+e ￿￿ @ 3=6: dqg e ￿2 @3 =86, vdwlvi| wkh vwdwlrqdulw| frqglwlrqv iru dq DU+5,
surfhvv1
Ilqdoo|/ wkh orqj0uxq dqg wkh vkruw0uxq hodvwlflwlhv ri dfuhdjh ghpdqg iru Wh￿ sur0
gxfwlrq duh frpsxwhg xvlqj wkh htxdwlrqv +618, dqg +619, wrjhwkhu zlwk wkh JPP+LL,
sdudphwhu hvwlpdwhv lq Wdeoh ;1 Wkh uhvxowv duh uhsruwhg lq Wdeoh <1 Doo wkh hodvwlf0
lwlhv duh hydoxdwhg dw wkh vdpsoh phdqv ri wkh uhohydqw yduldeohv1
4, Wkh orqj0uxq hodvwlflw| ri Wh￿ dfuhdjh ghpdqg zlwk uhvshfw wr wkh ctxrwd*
udwh lv qhjdwlyh exw uhodwlyho| vpdoo1 Wkdw lw lv qhjdwlyh lv frqvlvwhqw zlwk wkh
suhglfwlrq ri wkh wkhruhwlfdo prgho vhw rxw hduolhu lq wklv sdshu1 Lw vxjjhvwv
wkdw wkh orqj0uxq dfuhdjh ghpdqg iru Wh￿ fxowlydwlrq kdv ehhq uhgxfhg e| wkh
lqvwlwxwlrq dqg h{sdqvlrq ri wkh FJG1 Wkh uhgxfwlrq dsshduv wr kdyh ehhq
uhodwlyho| vpdoo1 Lq frqwudvw/ wkh dvvrfldwhg vkruw0uxq hodvwlflw| lv srvlwlyh/ exw
yhu| vpdoo1 Revhuyh/ krzhyhu/ wkdw wkh frh!flhqwv ri !￿| lq wkh Wh￿ dfuhdjh
htxdwlrq lv lqvljql￿fdqw1 Wkh odwwhu vxjjhvwv wkdw wkh ctxrwd* udwh glg qrw d￿hfw
vkruw0uxq dfuhdjh ghflvlrqv ri idup krxvhkrogv1
5, Wkh orqj0uxq dqg vkruw uxq hodvwlflwlhv ri dfuhdjh ghpdqg iru Wh￿ surgxf0
wlrq zlwk uhvshfw wr wkh pdunhw sulfh ri Wh￿ duh srvlwlyh1 Wkh vljqv ri wkhvh
hodvwlflwlhv frqirup zlwk wkrvh ri wkhlu wkhruhwlfdo frxqwhusduwv1 Dv zrxog eh
h{shfwhg/ wkh orqj0uxq sulfh hodvwlflw| lv juhdwhu wkdq wkh vkruw0uxq rqh1 Lq
dgglwlrq/ wkh ohyhov ri wkh wzr hodvwlflwlhv duh vrphzkdw orzhu uhodwlyh wr wkrvh
rewdlqhg e| rwkhu vwxglhv8:1 Wklv lv sduwlfxoduo| wuxh ri wkh orqj0uxq hodvwlflw|1
Wklv uhodwlyho| orz rzq0sulfh uhvsrqvlyhqhvv pd| eh sduwo| h{sodlqhg e| wkh
suhvhqfh ri FJG/ zklfk lv dq rxwfrph suhglfwhg e| rxu wkhruhwlfdo prgho1
6, Frqvlvwhqw zlwk wkh suhglfwlrq ri rxu wkhruhwlfdo prgho/ wkh orqj0uxq dqg vkruw0
uxq hodvwlflwlhv ri Wh￿ dfuhdjh ghpdqg zlwk uhvshfw wr uhyhqxh iurp rwkhu dq0
qxdo fursv duh qhjdwlyh1 Djdlq/ wkh vkruw0uxq hodvwlflw| lv vpdoohu +lq devroxwh
ydoxh, wkdq wkh fruuhvsrqglqj orqj0uxq hodvwlflw|1 Lq idfw/ shupdqhqw fkdqjhv
lq wkh uhyhqxh iurp rwkhu fursv lqgxfh wkh vwurqjhvw uhvsrqvh iurp orqj0uxq
dfuhdjh ghpdqg iru Wh￿ fxowlydwlrq1 Wklv lv gxh wr wkh idfw wkdw vxfk fkdqjhv
uhsuhvhqw d idyrxudeoh vkliw lq wkh sur￿wdelolw| sur￿oh ri/ qrw d vlqjoh dowhuqd0
wlyh furs/ exw/ prvw olnho|/ d qxpehu ri rwkhu dqqxdo fursv1 Dv d uhvxow wkh
idup krxvhkrog d￿rugv d juhdwhu ghjuhh ri  h{lelolw| lq lwv dfuhdjh uhdoorfdwlrq
ghflvlrq1
Wr vxppdul}h/ wkh ghpdqg iru Wh￿ dfuhdjh uhvsrqgv srvlwlyho| wr wkh pdunhw
sulfh ri Wh￿/ dqg qhjdwlyho| wr wkh uhyhqxh rewdlqdeoh iurp rwkhu fhuhdov dqg sxovhv1
Lq dgglwlrq/ wkh orqj0uxq ghpdqg iru Wh￿ dfuhdjh lv qhjdwlyho| d￿hfwhg e| wkh ctxrwd*
udwh lpsrvhg rq wkdw furs1
8:Vfdqgl}}r dqg Euxfh +4<;3, uhsruw pruh wkdq iruw| hodvwlflwlhv iru gl￿huhqw fursv lq gl￿huhqw
frxqwulhv1 Iliw|0vl{ shu fhqw ri wkh uhsruwhg orqj0uxq hodvwlflwlhv duh deryh 3181 Wkh fruuhvsrqglqj
sursruwlrq iru vkruw0uxq hodvwlflwlhv lv iruw| shu fhqw1
5<7 Frqfoxvlrq
Lq wklv sdshu/ zh vhw rxw wr lqyhvwljdwh wkh lpsdfw ri frpsxovru| judlq gholyhu| +FJG,
dqg furs sulfhv rq wkh surgxfwlrq fkrlfhv ri idup krxvhkrogv lq Hwklrsld1 Iru wkdw
sxusrvh/ d vlpsoh g|qdplf djulfxowxudo krxvhkrog prgho lv ghyhorshg xqghu udwlrqdo
h{shfwdwlrqv dqg ulvn qhxwudolw|1 Lq wkdw prgho wkh h￿hfw ri FJG lv lqwurgxfhg yld d
zhljkwhg dyhudjh sulfh ri fursv1 Wklv sulfh lv dssur{lpdwhg dv d olqhdu frpelqdwlrq
ri wkh uhohydqw ctxrwd* udwh/ furs surfxuhphqw sulfh/ dqg furs pdunhw sulfh1 Wkh
prgho lv wkhq xvhg wr fkdudfwhul}h dfuhdjh ghpdqg hodvwlflwlhv zlwk uhvshfw wr wkh
ctxrwd* udwh/ wkh pdunhw sulfh ri wkh furs/ dqg wkh uhyhqxh iurp dowhuqdwlyh fursv1
Lw lv ghprqvwudwhg wkdw/ lq jhqhudo/ wkhvh hodvwlflwlhv ghshqg rq wkh whfkqrorj| ri
surgxfwlrq/ wkh frvw ri dgmxvwlqj dfuhdjh doorfdwlrqv/ wkh sdwwhuq ri g|qdplf surgxf0
wlylw| h￿hfwv/ dqg krxvhkrog wlph suhihuhqfh1 Pruh vshfl￿fdoo|/ lw lv vkrzq wkdw wkh
orqj0uxq dqg fxuuhqw dfuhdjh doorfdwlrqv wr d furs uhvsrqg srvlwlyho| wr wkdw furs*v
pdunhw sulfh/ dqg qhjdwlyho| wr wkh fruuhvsrqglqj ctxrwd* udwh dqg wkh uhyhqxh iurp
frpshwlqj fursv1
Vxevhtxhqwo|/ dq hvwlpdeoh g|qdplf dfuhdjh ghpdqg htxdwlrq lv ghulyhg e| h{solf0
lwo| vroylqj iru wkh idup krxvhkrog*v dfuhdjh doorfdwlrq ghflvlrq uxoh1 Wklv htxdwlrq
lv wkhq hvwlpdwhg iru Wh￿ 0 d pdmru furs surgxfhg e| Hwklrsldq idup krxvhkrogv 0
xvlqj uhjlrq0ohyho gdwd1 Uhfhqwo| ghyhorshg whfkqltxhv iru hvwlpdwlqj g|qdplf sdqho
gdwd prghov duh hpsor|hg iru wkdw sxusrvh1 Wkh uhvxowlqj hvwlpdwhv ri hodvwlflwlhv ri
dfuhdjh ghpdqg iru Wh￿ surgxfwlrq duh frqvlvwhqw zlwk wkh suhglfwlrqv ri wkhruhwlfdo
prgho1
Wkh hpslulfdo hylghqfh vxjjhvwv wkdw FJG lv olnho| wr kdyh uhgxfhg wkh orqj0
uxq dfuhdjh vkduh +dqg wkxv wkh orqj0uxq vxsso|, ri wkh fursv wr zklfk lw dssolhg
wr1 Lw lv olnho| wr kdyh grqh vr e| gluhfwo| dqg lqgluhfwo| +wkurxjk orzhu pdunhw
sulfhv, uhgxflqj idup krxvhkrogv* uhwxuqv iurp wkhvh fursv1 Lw vkrxog dovr eh qrwhg
wkdw FJG pd| kdyh d￿hfwhg furs vxsso| lq zd|v rwkhu wkdq dfuhdjh uhdoorfdwlrqv1
Iru lqvwdqfh/ wkh orzhu furs sur￿wdelolw| lqgxfhg e| FJG pd| dgyhuvho| d￿hfw wkh
idup krxvhkrogv* h￿ruwv wrzdugv udlvlqj idup surgxfwlylw|/ vxfk dv dgrswlrq ri qhz
fxowlydwlrq sudfwlfhv dqg furs ydulhwlhv1 Ru lw pd| hyhq kdyh irufhg vrph ri wkhvh
krxvhkrogv wr uhgxfh wkhlu ghshqghqfh rq furs fxowlydwlrq dqg vhhn dowhuqdwlyh lqfrph
vrxufhv/ vxfk dv dqlpdo kxvedqgu|1 Wkhvh srvvlelolwlhv/ yldeoh ru rwkhuzlvh/ fdqqrw
eh h{solflwo| fdswxuhg e| wkh vlpsoh prgho hpsor|hg lq wklv sdshu1 Qhyhuwkhohvv/ rq
wkh edvlv ri wkdw prgho dqg wkh uhodwhg hpslulfdo uhvxowv/ lw lv srvvleoh wr frqfoxgh
wkdw wkh srolf| ri frpsxovru| judlq gholyhu| lv xqolnho| wr kdyh ehhq ehqh￿fldo wr wkh
jurzwk ri furs surgxfwlrq1
Wkh hpslulfdo uhvxowv dovr lpso| wkdw dfuhdjh ghpdqg iru wkh fxowlydwlrq ri d furs
ulvhv zlwk wkh furs*v sulfh/ dqg idoov zlwk uhyhqxh rewdlqdeoh iurp frpshwlqj fursv1
Lq rwkhu zrugv/ wkh hpslulfdo hylghqfh vxssruwv d qrupdo vxsso| uhvsrqvh wr sulfhv1
Ixuwkhupruh/ d frpsdulvrq zlwk hodvwlflwlhv uhsruwhg e| rwkhu vwxglhv lqglfdwh wkdw
wkh rxwsxw sulfh hodvwlflwlhv ri dfuhdjh ghpdqg pd| kdyh ehhq vrphzkdw orzhu lq
Hwklrsld gxulqj wkh 4<;3*v1 Wklv pd| lq sduw eh h{sodlqhg e| FJG1
Lq wkh oljkw ri wkh deryh/ lw lv uhdvrqdeoh wr h{shfw wkdw wkh surfhvv ri pdunhw
olehudol}dwlrq/ zklfk ehjxq zlwk wkh derolwlrq ri FJG lq 4<<3/ vwlpxodwhv juhdwhu
vxsso| uhvsrqvh wr pdunhw irufhv1 Wkh frpsrvlwlrq dqg h{whqw ri wklv lpsuryhphqw
lv |hw wr eh v|vwhpdwlfdoo| vwxglhg1
63Uhihuhqfhv
^4‘ Dodph|hkx Oluhqvr +4<;:,1 Judlq Pdunhwlqj dqg Sulflqj lq Hwklrsld= D Vwxg| ri
wkh Lpsdfw ri Judlq Txrwd dqg Il{hg Sulfhv rq Judlq Surgxfhuv/ Uhvhdufk Uh0
sruw qr1 5;/ Lqvwlwxwh ri Ghyhorsphqw Uhvhdufk/ Dgglv Deded Xqlyhuvlw|/ Dgglv
Deded1
^5‘ Dqghuvrq/ W1Z1 dqg F1 Kvldr +4<;5,1 ￿Irupxodwlrq dqg Hvwlpdwlrq ri G|qdplf
Prghov Xvlqj Sdqho Gdwd/￿ Mrxuqdo ri Hfrqrphwulfv/ 4;/ 7:0;51
^6‘ Duhoodqr/ P1/ dqg V1 Erqg +4<;;,1 G|qdplf Sdqho Gdwd Hvwlpdwlrq Xvlqj GSG
0 D Jxlgh iru Xvhuv/ plphr1
^7‘ / +4<<4,1 ￿Vrph Whvwv ri Vshfl￿fdwlrq iru Sdqho Gdwd= Prqwh Fduor
Hylghqfh dqg dq Dssolfdwlrq wr Hpsor|phqw Htxdwlrqv/￿ Uhylhz ri Hfrqrplf
Vwxglhv/ 8;/ 5::0<:1
^8‘ Duhoodqr/ P dqg R1 Eryhu +4<<8,1 ￿Dqrwkhu orrn dw wkh lqvwuxphqwdo yduldeoh
hvwlpdwlrq ri huuru0frpsrqhqwv prghov￿/ Mrxuqdo ri Hfrqrphwulfv/ 9;/ 5<0851
^9‘ D}dp/ M1S1 +4<<5,1 Judlq Pdunhw Ghfrqwuro lq Hwklrsld +4<<3,1 G1L1D1O1
^:‘ Eodqfkdug R1 dqg V1 Ilvfkhu +4<;<,1 Ohfwxuhv rq Pdfurhfrqrplfv/ Wkh PLW
Suhvv/ Fdpeulgjh/ Pdvvdfkxvhwwv1
^;‘ Eoxqghoo/ U1/ dqg V1 Erqg +4<<8,1 ￿Lqlwldo Frqglwlrqv dqg Prphqw Uhvwulfwlrqv
lq G|qdplf Sdqho Gdwd Prghov/￿ Hfrqrplfv Glvfxvvlrq Sdshu Qr 437/ Qx!hog
Froohjh R{irug/ XN1
^<‘ Fhqwudo Vwdwlvwlfdo Dxwkrulw|/ Vwdwlvwlfdo Exoohwlq/ Qrv1 77/ 89/ 8</ 98/ :7/ :</ ;8/
<8/ 436/ dqg 438/ Dgglv Deded/ Hwklrsld1
^43‘ Fxwkehuwvrq/ E1 dqg S1 Wd|oru +4<;:,1 Pdfurhfrqrplf V|vwhpv/ Edvlo Eodfnzhoo/
R{irug/ XN1
^44‘ Gdylgvrq/ U1 dqg M1J1 PdfNlqqrq +4<<6,1 Hvwlpdwlrq dqg Lqihuhqfh lq Hfrqr0
phwulfv/ R{irug Xqlyhuvlw| Suhvv/ R{irug1
^45‘ Ghufrq/ V1 +4<<7,1 ￿Irrg Pdunhwv/ Olehudol}dwlrq dqg Shdfh lq Hwklrsld= dq
hfrqrphwulf dqdo|vlv/￿ plphr/ FVDH/ R{irug Xqlyhuvlw|1
^46‘ Hfnvwhlq/ ]1 +4<;7,1 ￿D Udwlrqdo H{shfwdwlrqv Prgho ri Djulfxowxudo Vxsso|/￿
Mrxuqdo ri Srolwlfdo Hfrqrp|/ <5/4 /4 0 4 4 1
^47‘ Hfnvwhlq/ ]1 +4<;8,1 ￿Wkh G|qdplfv ri Djulfxowxuh Vxsso|= D Uhfrqvlghudwlrq/￿
Dphulfdq Mrxuqdo ri Djulfxowxudo Hfrqrplfv/ 9:/ 5370471
^48‘ Hsvwhlq/ O1J1 dqg D1M1 \dwfkhz +4<;8,1 ￿Wkh Hpslulfdo Ghwhuplqdwlrq ri Whfk0
qrorj| dqg H{shfwdwlrqv= D Vlpsol￿hg Surfhgxuh/￿ Mrxuqdo ri Hfrqrphwulfv/
5:/ 568058;1
^49‘ Hwklrsldq Djulfxowxudo Pdunhwlqj Djhqf| +4<;:,1 Vwdwlvwlfdo Gljhvw/ Dgglv
Deded/ Hwklrsld1
64^4:‘ Hwklrsldq Judlq Wudgh Hqwhusulvh +4<<8,1 Vwdwlvwlfdo Exoohwlq/ Qr1 6/ Dgglv
Deded/ Hwklrsld1
^4;‘ Iudq}ho/ V1 hw do1 +4<;<, ￿Judlq Pdunhwlqj Uhjxodwlrqv= Lpsdfw rq Shdvdqw Sur0
gxfwlrq lq Hwklrsld/￿ Irrg Srolf|/ 47/ 4/ 67:08;1
^4<‘ Juhhqh/ Z1K1 +4<<6,1 Hfrqrphwulf Dqdo|vlv/ 5qg hglwlrq/ Suhqwlfh0Kdoo Lqf1 Qhz
Mhuvh|1
^53‘ Kdqvhq/ O1S1 dqg W1M1 Vdujhqw +4<;3,1￿Irupxodwlqj dqg Hvwlpdwlqj G|qdplf
Olqhdu Udwlrqdo H{shfwdwlrqv Prghov/￿ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frq0
wuro/ 5/ :0791
^54‘ Kvldr/ F1 +4<;9,1 Dqdo|vlv ri Sdqho Gdwd1 Fdpeulgjh Xqlyhuvlw| Suhvv1 Fdp0
eulgjh/ XN1
^55‘ / 1 +4<<7,1 ￿Udwlrqlqj dqg Shdvdqw Krxvhkrog Ehkdylrxu1￿
ZSV2<71</ FVDH/ R{irug Xqlyhuvlw|1
^56‘ Qlfnhoo/ V1 +4<;4,1 ￿Eldvhv lq G|qdplf Prghov zlwk Il{hg H￿hfwv/￿ Hfrqrphw0
ulfd/ 7</474:0591
^57‘ Shvdudq/ P1K1 +4<;:,1 Wkh Olplwv wr Udwlrqdo H{shfwdwlrqv/ Edvlo Eodfnzhoo/
R{irug/ XN1
^58‘ Slfnhww/ M1 +4<<4,1 Hfrqrplf Ghyhorsphqw lq Hwklrsld= Djulfxowxuh/ wkh Pdunhw
dqg wkh Vwdwh/ RHFG/ Sdulv1
^59‘ Vdk/ Uddm Nxpdu/ dqg Vluqlydvdq/ W1 Q1 +4<;;,1 ￿ Glvwulexwlrqdo Frqvhtxhqfhv
ri Uxudo Irrg Ohy| dqg Vxevlgl}hg Xuedq Udwlrqv1￿ Hxurshdq Hfrqrplf Uhylhz/
65/ 474048<1
^5:‘ Vdk/ Uddm Nxpdu/ dqg Vwljolw}/ M1 H1 +4<<5,1 Shdvdqwv Yhuvxv Flw|0gzhoohuv =
Wd{dwlrq dqg wkh Exughq ri Hfrqrplf Ghyhorsphqw1 Foduhqgrq Suhvv1 R{irug1
^5;‘ Vfdqgl}}r/ S1 dqg F1 Euxfh +4<;3,1 Phwkrgrorjlhv iru Phdvxulqj Djulfxowxudo
Sulfh Lqwhuyhqwlrq H￿hfwv/ Vwd￿ Zrunlqj Sdshu qr1 6<7/ Zdvklqjwrq/ G1F1 Zruog
Edqn1
^5<‘ Vdujhqw/ W1M1 +4<;:,1 Pdfurhfrqrplf Wkhru|/ +5qg hglwlrq,, Dfdghplf Suhvv/
Lqf1/ Ervwrq/ XVD1
^63‘ Wd￿hvvh/ Dohpd|hkx V1 +4<<;,1 ￿ Dq Hfrqrplf Prgho ri wkh Hwklrsldq Idup
Krxvhkrog/￿ Zrunlqj Sdshu Vhulhv/ ZS04<<;03;236/ Ghsduwphqw ri Hfr0
qrplfv/ Dgglv Deded Xqlyhuvlw|1
^64‘ Wd￿hvvh/ Dohpd|hkx V1 +4<<:,1 Wkuhh Hvvd|v rq wkh Hwklrsldq Hfrqrp|1 xqsxe0
olvkhg G1 Sklo1 Wkhvlv/ Vxe0idfxow| ri Hfrqrplfv/ Xqlyhuvlw| ri R{irug1
^65‘ Wd￿hvvh/ Dohpd|hkx V1 +4<;<,1 ￿ Whfkqlfdo dqg Doorfdwlyh H!flhqf| ri Idup
Krxvhkrogv lq Hwklrsld = Whqwdwlyh Ilqglqjv ri d Fdvh0Vwxg| ri Wzr Shdvdqw Dv0
vrfldwlrqv1￿ lq Surfhhglqjv ri wkh Zrunvkrs rq Uxudo Ghyhorsphqw lq Hwklrsld1
Lqvwlwxwh ri Ghyhorsphqw Uhvhdufk / Dgglv Deded Xqlyhuvlw|1
65^66‘ Whjhqh/ D1/ Z1H1 Kx￿pdq/ dqg M1 D1 Pludqrzvnl +4<;;,1 ￿G|qdplf Fruq Vxsso|
Ixqfwlrqv= D Prgho zlwk H{solflw Rswlpl}dwlrq/￿ Dphulfdq Mrxuqdo ri Djulfxo0
wxudo Hfrqrplfv/ Iheuxdu|/ 43604441
^67‘ Zklwhpdq/ F1K1 +4<;6, Olqhdu Udwlrqdo H{shfwdwlrqv Prghov= D Xvhu*v Jxlgh/
Xqlyhuvlw| ri Plqqhvrwd Suhvv/ Plqqhdsrolv/ XVD1
66Dsshqgl{
4 Vroxwlrq surfhgxuh
Iru wkh sxusrvh ri vroylqj iru D￿c|n￿ zh dgrsw wkh frqvwuxfwlyh phwkrg vxjjhvwhg e|
Vdujhqw +4<;:/ 6<8,1 Wkh phwkrg lqyroyhv wkh rshudwru E / zklfk/ iru hdfk lqwhjhu l>
lv gh￿qhg e|=
E3￿H|n￿+{|n￿n￿,@H|n￿+{|n￿n￿n￿, +D414,
l1h1/ wkh dssolfdwlrq ri E3￿ vkliwv iruzdug e| l shulrgv wkh gdwh rq wkh yduldeohv
zkrvh frqglwlrqdo h{shfwdwlrqv duh ehlqj frpsxwhg/ exw ohdyhv wkh lqirupdwlrq vhw





+￿f . ￿￿!￿c|n￿n￿ . ￿2S6
￿c|n￿n￿,|￿ ￿ U￿c|n￿n￿ ￿ Y￿c|n￿n￿
￿




H|n￿D￿c|n￿ . H|n￿D￿c|n￿3￿ @ H|n￿]|n￿n￿ +D415,








Uhzulwlqj wkh whup lq vtxduh eudfnhwv rq wkh ohiw0kdqg0vlgh ri wkh suhfhglqj htxdwlrq












E32 ￿ +￿￿ . ￿2,E3￿ . ￿￿￿2
￿
@ ￿+￿￿￿E3￿,+￿2￿E3￿,
zkhuh wkh urrwv ￿￿>￿ 2 vdwlvi|> +￿￿.￿2,@￿ K
_q dqg ￿￿￿2 @ ￿
q= Wkxv htxdwlrq +D416,
fdq eh h{suhvvhg dv=
￿+￿￿ ￿ E3￿,+￿2 ￿ E3￿,H|n￿+D￿c|n￿3￿,@H|n￿+]|n￿n￿, +D417,
67Vhohfw ￿￿ wr eh wkh vpdoohu ri wkh wzr urrwv/ zlwk m￿￿m ? 4 dqg ￿2 @+ 4 @￿￿￿,8;1














zkhuh f l vdf r q v w d q w8<1
Wkdw
￿ ￿ ￿ ￿
b2



















Ixuwkhupruh/ e| frqvwuxfwlrq/ wkh iroorzlqj krog=
H|n￿+D￿c|n￿3￿,@D￿c|n￿3￿ >
E3￿H|n￿+D￿c|n￿3￿,@H|n￿+D￿c|n￿,@D￿c|n￿




















Vxffhvvlyh dssolfdwlrq ri wkh E3￿ rshudwru rq H|n￿+]|n￿n￿, dqg vxpplqj uhgxfhv wkh





8;Frpelqlqj= b￿ n b2 ’ 3
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Wkh ohiw0kdqg0vlgh ri wkh suhylrxv htxdwlrq lv d k|shuerod/ zkloh wkh uljkw0kdqg0vlgh lv d vwudljkw olqh
zlwk d vorsh ri 3q1 Wkh odwwhu lqwhuvhfwv wkh iruphu lq wkh qhjdwlyh +srvlwlyh, ydoxhv ri b￿ surylghg
wkdw
K
_ lv srvlwlyh +qhjdwlyh,1 Wkxv/ jlyhq
￿ ￿ K
_
￿ ￿ : ￿nqc wkhuh h{lvw wzr uhdo vroxwlrqv iru b￿c rqh ri
wkhp ehlqj ohvv wkdq rqh lq devroxwh ydoxh1 Wkhuhiruh/ b￿ dqg b2 duh uhdo dqg glvwlqfw urrwv/ zklfk
vdwlvi|=















Iru ixuwkhu ghwdlov vhh Vdujhqw +4<;:, dqg Hfnvwhlq +4<;8,1
8<Qrwh wkdw Sb
|n￿
2 lv lqfoxghg ehfdxvh lw lv wkh jhqhudo vroxwlrq wr d ￿uvw0rughu krprjhqrxv gl￿hu0
hqfh htxdwlrq/ l1h1/ zkhq ,|n￿E~|n￿n￿￿’f1 +D418, lv dq h{whqvlrq ri wkdw wr wkh qrqkrprjhqrxv
fdvh zlwk d yduldeoh0whup1 Qrwh dovr wkdw S ’fpxvw eh lpsrvhg li wkh vroxwlrq t￿￿c|n￿￿ vhtxhqfh
lv wr eh erxqghg +ru wkh vroxwlrq lv wr vdwlvi| wkh wudqvyhuvdolw| frqglwlrq,1 Li wkdw lv qrw wkh fdvh/
wkhq b
|n￿
2 <"dv ￿ <"/ vlqfh ￿b￿￿ ￿ ￿ dqg f ￿q￿￿ lpso| ￿b2￿ : ￿ 1 Dovr vhh Vdujhqw +4<;:,1
68Zh ￿qdoo| rewdlq wkh vroxwlrq e| vxevwlwxwlqj iru ￿2 dqg ]|n￿n￿n￿ iurp wkhlu uhvshf0










|￿+￿f . ￿￿!￿c|n￿n￿n￿ . ￿2S6
￿c|n￿n￿n￿, ￿ U￿c|n￿n￿n￿ ￿ Y￿c|n￿n￿n￿
￿
+D419,
5 Wkh JPP hvwlpdwruv
Wklv vhfwlrq vxppdul}hv vrph wkh ihdwxuhv ri wkh JPP hvwlpdwruv931 Wkh glvfxvvlrq
irfxvhv rq dq DU+5, prgho=
|￿| @ ￿￿|￿c|3￿ . ￿2|￿c|32 . ￿￿{￿| . ￿e{￿c|3￿ . ￿D{￿c|32 . x￿| +D514,
iru l @4 >===>Q dqg w @6 >===>W> zkhuh= ￿￿ . ￿2 ? 4>￿ 2 ￿ ￿￿ ? 4>￿ 2 A ￿4> dqg
x￿| @ ￿￿.￿￿|= Wkxv/ zh duh uhvwulfwlqj wkh glvfxvvlrq wr wkh uhohydqw vwdwlrqdu| prgho1
Iroorzlqj Eoxqghoo dqg Erqg +4<<8,/ zh dvvxph wkdw94=
H+￿￿,@3 > H+￿￿|,@3 > H+￿￿￿￿|,@3 +D515,
iru l @4 >===>Q dqg w @6 >===>W>
H+￿￿|￿￿r,@3 +D516,
iru l @4 >===>Q dqg w 9@ v> dqg
H+|￿￿￿￿|,@3 > H+|￿2￿￿|,@3 +D517,
iru l @4 >===>Q dqg w @6 >===>W=
Dsso|lqj hlwkhu wkh ROV hvwlpdwru ru wkh Zlwklq0jurxsv hvwlpdwru wr +D514, uh0
vxowv lq eldvhg sdudphwhu hvwlpdwhv ^Qlfnhoo +4<;4,/ Kvldr +4<;9,‘951 Wkh vrxufh ri
wkh sureohp iru ROV lv wkh fruuhodwlrq ehwzhhq +|￿c|3￿>| ￿c|32, dqg x￿| yld wkh lqglylg0
xdo vshfl￿f h￿hfwv/ ￿￿1 Iru wkh Zlwklq0jurxsv hvwlpdwru/ zklfk lqyroyhv wudqviruplqj
wkh yduldeohv e| vxewudfwlqj wkhlu wlph0phdqv/ wkh fdxvh lv wkh fruuhodwlrq ehwzhhq
+|￿c|3￿>| ￿c|32, dqg wkh wlph0phdq ri ￿￿|= Dq dowhuqdwlyh lv wr hpsor| dq lqvwuxphq0
wdo yduldeoh +LY, hvwlpdwru diwhu ￿uvw0gl￿huhqflqj htxdwlrq +D514, wr holplqdwh wkh
lqglylgxdo0vshfl￿f h￿hfwv1 Pruh h{solflwo|/ lw lqyroyhv hvwlpdwlqj=
￿|￿| @ ￿￿￿|￿c|3￿ . ￿2￿|￿c|32 . ￿￿￿{￿| . ￿e￿{￿c|3￿ . ￿D￿{￿c|32 .￿ ￿￿| +D518,
93Wkh fkdudfwhul}dwlrq ri wkh JPP+L, hvwlpdwru iroorzv Duhoodqr dqg Erqg +4<<4,1 Wkh ghvfulswlrq
ri JPP+LL, dgdswv wkh suhvhqwdwlrq lq Eoxqghoo dqg Erqg +4<<8, wr wkh fdvh ri dq DU+5, prgho
zlwk dgglwlrqdo uhjuhvvruv1
94Wkh vshfl￿f ghwdlov ri wkh glvfxvvlrq ri Eoxqghoo dqg Erqg +4<<8, lv uhvwulfwhg wr dq DU+4,
surfhvv zlwkrxw dgglwlrqdo uhjuhvvruv1 Krzhyhu/ wkh| qrwh wkdw wkh surshuwlhv ri wkh hvwlpdwruv
wkh| frqvlghu h{whqg wr kljkhu0rughu DU prghov1 Wkh| dovr lghqwli| wkh ixuwkhu uhtxluhphqw wkdw
vkrxog eh vdwlv￿hg lq rughu wr h{sorlw wkhlu dgglwlrqdo olqhdu prphqw uhvwulfwlrqv lq wkh suhvhqfh
ri uhjuhvvruv1 Lq wkh vslulw ri wkrvh uhpdunv/ dvvxpswlrqv +D515,0+D517, pd| eh ylhzhg dv voljkwo|
prgl￿hg yhuvlrqv ri wkh rqhv wkh| pdnh1 Qrwh dovr wkdw iru wkh JPP+L, hvwlpdwru lw lv qrw qhfhvvdu|
wr dvvxph ,E#￿￿’f c ,E#￿D￿|￿’f c dqg +D517,1
95Wkh ROV hvwlpdwru lv dovr lqfrqvlvwhqw1 Lq frqwudvw/ wkh Zlwklq0jurxsv hvwlpdwru lv frqvlvwhqw
dv A <" ￿
69iru l @ 4>===>Q dqg w @7 >===>W> zkhuh ￿ uhsuhvhqwv wkh ￿uvw0gl￿huhqfh rshudwru
zlwk ￿}￿| @ }￿| ￿ }￿c|3￿= Dv orqj dv ￿￿| duh vhuldoo| xqfruuhodwhg dqg wkh {*v duh
h{rjhqrxv/ hvwlpdwlqj +D518, xvlqj +|￿c|32>| ￿c|3￿,r u+ ￿|￿c|32> ￿|￿c|3￿, dv lqvwuxphqwv
uhvxowv lq frqvlvwhqw hvwlpdwhv ri wkh sdudphwhuv1 Wkdw +|￿c|32>| ￿c|3￿,d q g+ ￿|￿c|32>
￿|￿c|3￿, duh ydolg lqvwuxphqwv/ dqg wkxv ohdg wr wkh frqvlvwhqf| ri wkh fruuhvsrqglqj
hvwlpdwhv/ iroorzv iurp wkh idfw wkdw wkh| duh qrw fruuhodwhg zlwk ￿￿￿| ^Dqghuvrq
dqg Kvldr +4<;5,/ Kvldr +4<;9,‘= Krzhyhu/ wklv LY hvwlpdwlrq grhv qrw qhfhvvdulo|
surgxfh h!flhqw hvwlpdwhv vlqfh lw grhv qrw h{sorlw doo wkh olqhdu prphqw frqglwlrqv
srvvleoh ^Duhoodqr dqg Erqg +4<<4,‘1 Dv dq dowhuqdwlyh Duhoodqr dqg Erqg +4<<4,
ghyhors d pruh h!flhqw olqhdu Jhqhudol}hg Phwkrg ri Prphqwv +JPP, hvwlpdwru1
Zh uhihu wr wklv hvwlpdwru dv JPP+L,1
514 wkh JPP+L, hvwlpdwru
Wkh JPP+L, hvwlpdwru lqyroyhv wkh lghqwl￿fdwlrq dqg xvh ri ydolg lqvwuxphqwv iru
hvwlpdwlqj g|qdplf sdqho gdwd prghov frqvlvwhqwo| dqg h!flhqwo|1 Wkh lqlwldo vwhs lq
wkdw surfhvv lv ￿uvw0gl￿huhqflqj wkh ohyhov htxdwlrq wr wdnh rxw wkh lqglylgxdo h￿hfwv1
Grlqj vr lq wkh suhvhqw fdvh jhqhudwhv +D518,1 Wkh vhfrqg vwhs lv wr h{sorlw wkh
dvvxpswlrqv ri wkh prgho dqg wkh surshuwlhv ri wkh uhjuhvvruv wr lghqwli| lqvwuxphqwv1
Dvvxph wkdw wkh uhjuhvvruv {￿r duh suhghwhuplqhg yduldeohv fruuhodwhg zlwk ￿￿
961L q
rwkhu zrugv/ fxuuhqw dqg sdvw {*v duh hohphqwv ri wkh fxuuhqw lqirupdwlrq vhw ￿|=
Wklv dvvxpswlrq/ frpelqhg zlwk wkh dvvxpswlrqv H+￿￿|,@3dqg H+￿￿|￿￿r,@3
deryh/ lpso| wkh iroorzlqj olqhdu prphqw uhvwulfwlrqv=
H+|￿c|3&￿￿￿|,@3 +D519d,
iru n @6 >￿￿￿>w￿5 dqg w @7 >￿￿￿>W> dqg
H+{￿r￿￿￿|,@3 +D519e,




zkhuh= ￿￿| @￿ ￿￿|> ￿￿ @
￿
￿￿e ￿￿D ￿￿￿ ￿￿A
￿￿ > h{suhvvhv/ iru hdfk l> wkh +W ￿6,￿4
yhfwru ri wkh huuruv lq wkh ￿uvw0gl￿huhqfhg htxdwlrq/ dqg ]￿ uhsuhvhqwv wkh +W ￿6,￿
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96Wklv dvvxpswlrq uh hfwv rqh ri wkh ihdwxuhv ri wkh htxdwlrqv ri prwlrq ri wkh hqgrjhqrxv ydul0
deohv1 Vshfl￿fdoo|/ uhfdoo wkdw wkh htxdwlrqv iru ￿￿| dqg ￿￿| frqwdlq dujxphqwv +rwkhu wkdq wkh
uhvshfwlyh odjjhg hqgrjhqrxv yduldeoh, doo ri zklfk ehorqj wr wkh uhohydqw lqirupdwlrq vhw1 Lq olqh




Sdvw dqg fxuuhqw % duh qrw fruuhodwhg zlwk fxuuhqw dqg ixwxuh vkrfnv1 Krzhyhu/ sdvw vkrfnv pd| eh
fruuhodwhg zlwk fxuuhqw %￿
6:+D51:,
Vwdfnlqj htxdwlrq +D518, ￿uvw e| w iru hdfk l> d q gw k h qe |l ohdgv wr d frpsdfw
h{suhvvlrq1 Wr gr vr gh￿qh=
z￿| @
￿
|￿c|3￿ |￿c|32 {￿| {￿c|3￿ {￿c|32
￿
> z￿| @ ￿z￿|> |￿| @￿ |￿|
￿￿| @￿ ￿￿|> V@
￿
￿￿ ￿2 ￿￿ ￿e ￿D
￿￿
Wkhq zh fdq vxppdul}h +D518, iru doo l dqg w ￿ 7 dv=








￿￿ > |￿ @
￿








￿￿ > z￿ @
￿
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￿￿e ￿￿D ￿￿￿ ￿￿A
￿￿
Qrwh wkdw | dqg ￿ duh Q+W ￿ 6, ￿ 4 yhfwruv/ zkloh Z lv dq Q+W ￿ 6, ￿ 8 pdwul{1











zkhuh ]￿ lv dv gh￿qhg lq +D51:,1 Zlwk wkhvh gh￿qlwlrqv/ wkh JPP hvwlpdwru ri V











zkhuh D￿ lv d +W ￿6,+W .4 ,v|pphwulf srvlwlyh0gh￿qlwh pdwul{1 Vxevwlwxwlqj iru ￿
iurp +D51;,/ dqg vroylqj wkh ￿uvw0rughu frqglwlrqv |lhogv=





Duhoodqr dqg Erqg +4<<4, rewdlq wkh rqh0vwhs JPP hvwlpdwru ri V xvlqj wkh vdpsoh










zkhuh K lv d +W ￿6, vtxduh pdwul{ zklfk kdv 5*v lq lwv sulqflsdo gldjrqdo/ 04*v lq wkh
￿uvw vxe0gldjrqdov/ dqg }hurv hovhzkhuh/ l1h197=
K @
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97Wkh vwuxfwxuh ri M uh hfwv wkh idfw wkdw D￿| lv d ￿uvw0rughu prylqj dyhudjh +PD+4,, surfhvv zlwk
dx q l wu r r w 1
6;Wkhvh duh wkh JPP+L, hvwlpdwhv uhsruwhg lq wkh wh{w1 Qrwh/ krzhyhu/ wkdw dqrwkhu











zkhuh e ￿￿ lv wkh gl￿huhqfhg uhvlgxdov iurp d suholplqdu| frqvlvwhqw hvwlpdwru ri V=
Wklv lv wkh wzr0vwhs JPP hvwlpdwru ri Duhoodqr dqg Erqg +4<<4,1 Zh uhihu wr lw
khuh ehfdxvh wkh uhsruwhg Vdujdq whvw ri wkh ryhulghqwli|lqj +prphqw, uhvwulfwlrqv lv
edvhg rq wkh wzr0vwhs hvwlpdwhv1
515 wkh JPP+LL, hvwlpdwru
Eoxqghoo dqg Erqg +4<<8, qrwh wkdw wkh JPP+L, hvwlpdwru shuirupv srruo| zkhq
wkh sdudphwhu+v, ri wkh odjjhg hqgrjhqrxv yduldeoh lv uhodwlyho| odujh dqg wkh qxp0
ehu ri wlph0vhulhv revhuydwlrqv lv uhodwlyho| vpdoo1 Xqghu vxfk flufxpvwdqfhv odjjhg
ohyhov duh zhhn lqvwuxphqwv iru ￿uvw gl￿huhqfhv1 Vshfl￿fdoo|/ wkh| ghprqvwudwh/ yld
d Prqwh Fduor dqdo|vlv/ wkdw wkh JPP+L, hvwlpdwru vx￿huv iurp d odujh grzqzdug
eldv dqg yhu| orz suhflvlrq1 Wr doohyldwh wkhvh sureohp zlwkrxw lqyroylqj qrq0olqhdu
uhvwulfwlrqv/ wkh| sursrvh d olqhdu JPP hvwlpdwru lq d v|vwhp ri ￿uvw0gl￿huhqfhg dqg
ohyhov htxdwlrqv1 Lq rughu wr rewdlq wkh uhtxlvlwh olqhdu prphqw frqglwlrqv Eoxqghoo
dqg Erqg +4<<8, lqwurgxfh uhvwulfwlrqv rq wkh lqlwldo frqglwlrqv surfhvv1 Wkh dggl0
wlrqdo prphqw frqglwlrqv wkxv rewdlqhg doorz wkh xvh ri odjjhg ￿uvw gl￿huhqfhv dv
lqvwuxphqwv lq wkh htxdwlrqv lq ohyhov1 Wkh uhvxowlqj hvwlpdwru kdv pxfk lpsuryhg
suhflvlrq dqg vxevwdqwldoo| orzhu ￿qlwh vdpsoh eldv1 Zh uhihu wr wklv v|vwhp hvwlpd0
wru dv wkh JPP+LL, hvwlpdwru1 Ehorz zh dgdsw wkh iudphzrun ri Eoxqghoo dqg Erqg
+4<<8, wr rxu DU+5, prgho zlwk uhjuhvvruv1
Zh ehjlq e| uhvwdwlqj wkh ohyhov htxdwlrq +D514, iru w ￿ 7=
|￿| @ ￿￿|￿c|3￿ . ￿2|￿c|32 . ￿￿{￿| .￿e{￿c|3￿ . ￿D{￿c|32 . x￿| +D514
￿
,
Wkh remhfwlyh lv wr h{sorlw +￿|￿c|3￿>￿|￿c|32>￿{￿c|>￿{￿c|3￿>￿{￿c|32, dv lqvwuxphqwv lq
+D514,
￿
iru +|￿c|3￿>| ￿c|32>{ ￿c|>{ ￿c|3￿>{ ￿c|32,= Wr gr vr zlwkrxw ylrodwlqj wkh frqvlvwhqf|
ri wkh hvwlpdwhv/ lw lv qhfhvvdu| wr kdyh=
H+x￿|￿|￿c|3￿,@H+x￿|￿|￿c|32,@3 +D51<d,
H+x￿|￿{￿c|,@H+x￿|￿{￿c|3￿,@H+x￿|￿{￿c|32,@3 +D51<e,
iru w ￿ 7=
Frqvlghu +D51<e, ￿uvw1 Ghfrpsrvlqj x￿| dqg uhduudqjlqj zh rewdlq=
H+x￿|￿{￿c|3￿,@H+￿￿￿{￿c|3￿,.H+￿￿|￿{￿|3￿,>￿ @3 >4>5
Wkdw {￿| duh suhghwhuplqhg lpsolhv wkdw=
H+￿￿|￿{￿r,@3 +D5143d,
iru doo v ￿ w= Wkhuhiruh/ frqglwlrq +D51<e, uhgxfhv wr=
H+￿￿￿{￿|,@3 +D5143e,
6<iru doo w= +D5143e, vwdwhv wkdw fkdqjhv lq {￿| duh xqfruuhodwhg zlwk wkh lqglylgxdo
h￿hfwv981 Zh pdnh wklv dvvxpswlrq1
D qxpehu ri vwhsv duh lqyroyhg lq wkh surfhvv ri lghqwli|lqj wkh uhvwulfwlrqv wkdw
ydolgdwh wkh prphqw frqglwlrqv +D51<d,1 Iluvw/ uhfdoolqj wkdw wkh prgho lv vwdwlrqdu|/
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zkhuh ￿r lv gh￿qhg dv deryh1 Xvlqj wkhvh uhvxowv/ dqg uhfdoolqj wkdw ￿￿ lv wlph0
lqyduldqw/ +D514
￿￿




























￿rn￿}|3Ern￿￿ wr jhw wkh vhfrqg olqh
























Vhfrqg/ zh uhzulwh +D518, e| vxffhvvlyho| vxevwlwxwlqj iru +￿|￿c|3￿> ￿|￿c|32, iru
w ￿ 7= Wklv |lhogv=







98Lqghhg/ wklv lv wkh frqglwlrq wkdw Eoxqghoo dqg Erqg +4<<8, lghqwli| +zlwkrxw surylglqj ghwdlov,
dv wkh ixuwkhu uhtxluhphqw zklfk vkrxog eh phw lq prghov zlwk dgglwlrqdo uhjuhvvruv1
99Vhh/ iru lqvwdqfh/ Vdujhqw +4<;:=4;6 ,1
73zkhuh= ￿￿f @ ￿￿>￿ ￿￿ @ +￿2
￿ . ￿2,>￿ 2f @ ￿2>￿ 2￿ @ ￿￿￿2> dqg=
￿￿r @ ￿￿￿￿cr3￿ . ￿2￿￿cr32>m @4 >5>v @ w ￿ 7>w A 8
dqg ￿￿f @4 >￿ ￿￿ @ ￿￿> zlwk ￿￿r @ ￿￿￿￿cr3￿ . ￿2￿￿cr32> iru v ￿ 5=
Zh duh qrz lq d srvlwlrq wr kdyh d forvhu orrn dw wkh prphqw frqglwlrqv +D51<d,1
Jlyhq dvvxpswlrqv +D515,0+D516, dqg +D5143,/ dqg htxdwlrq +D5146, wkrvh frqglwlrqv
uhgxfh wr=
H+x￿|￿|￿￿,@H+x￿|￿|￿2,@3




Vxevwlwxwlqj iru ￿|￿￿ dqg ￿|￿2 iurp +D5146,/ xvlqj +D5145, dqg +D514
￿
,/ h{sorlwlqj
dvvxpswlrqv +D515,0+D517, dqg +D5143d,/ dqg pdqlsxodwlqj surylghv wkh frqglwlrqv




Wkhvh duh uhvwulfwlrqv rq wkh lqlwldo frqglwlrq surfhvv jhqhudwlqj |￿￿ dqg |￿2= Wkh| duh
dqdorjrxv wr wkh uhvwulfwlrq wkdw Eoxqghoo dqg Erqg +4<<8, lpsrvh rq wkdw surfhvv
lq dq DU+4, prgho zlwkrxw dgglwlrqdo uhjuhvvruv1
Wkh JPP hvwlpdwru h{sorlwlqj uhvwulfwlrqv +D51<,0+D5143, dqg +D5147, uhtxluhv
d vwdfnhg v|vwhp frpsrvhg ri +W ￿6, htxdwlrqv lq ￿uvw gl￿huhqfhv dqg +W ￿6, ohyhov
htxdwlrqv iru shulrgv w ￿ 7 +wkh odjjhg ￿uvw gl￿huhqfhv duh dydlodeoh dv lqvwuxphqwv














zkhuh ]￿ uhsuhvhqwv wkh lqvwuxphqwv iru wkh ￿uvw gl￿huhqfhg htxdwlrqv dv gh￿qhg e|
+D51:, deryh/ dqg ￿z￿| @
￿
￿|￿c|32 ￿|￿c|3￿ ￿{￿c|32 ￿{￿c|3￿ ￿{￿|
￿
> iru w ￿ 71
Wkh frpsxwdwlrq ri wkh rqh0vwhs hvwlpdwru iroorzv wkh vdph vwhsv eulh | qrwhg iru
wkh JPP+L, hvwlpdwru1 Rqh gl￿huhqfh vkrxog eh qrwhg/ krzhyhu1 Wkh zhljkwlqj
pdwul{ K kdv wr eh prgl￿hg ^vhh Eoxqghoo dqg Erqg +4<<8,‘1 Wkh wzr0vwhs hvwlpdwru
lv dovr lghqwl￿hg lq d vlplodu idvklrq1
9:Wkhvh duh dqdorjrxv wr wkh vlqjoh dgglwlrqdo uhvwulfwlrq wkdw Eoxqghoo dqg Erqg +4<<8, lghqwli|
lq dq DU+4, prgho zlwk qr dgglwlrqdo uhjuhvvruv/ qdpho|=
,E￿￿￿{+￿2￿ ’f
74